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1. Inrropvucrion. 


THis paper deals with the fossil sequence in the Carboniferous 
Limestone of the Bristol area, and with the possibility of dividing 
that system into a series of paleontological zones. 


The general geology of the area has been most luminously 
expounded by Prof. Lloyd Morgan in the series of papers which 
he has contributed to the Proceedings of the Bristol Naturalists’ 
Society, and to these I make constant reference. I am thus able 
largely to dispense with detailed accounts of topography and litho- 
logy, which would otherwise interrupt seriously the paleontological 
discussion. | 

Mr. E. B. Wethered. has contributed a most instructive paper 
Q.J.G.8. No. 242. 0 
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‘On Insoluble Residues obtained from the Carboniferous-Lime- 
stone Series at Clifton,’> and it is with his lithological divisions 
that I have mainly correlated the paleontological zones suggested 
in this paper. 

To the late Mr. W. W. Stoddart? we owe the first attempt to 
compile a list of the fossil contents of the beds in the Avon Section. 
I have drawn up a complete analysis of his observations, so far 
only as the Corals and Brachiopods are concerned ; this will, for 
convenience, follow immediately upon the detailed account of my 
own observations on the Avon section. 


For my purpose, it is obvious that the essential desiderata are 
good exposures, the relative stratigraphical position of which is 
unquestionable. Exposures which satisfy these two conditions are 
to be found in several parts of the Bristol area, and, from them, 
the determination of the faunal sequence is merely a matter of 
accurate observation and careful tabulation. 

Since every fossil that is recorded in the following lists was 
noted down at the instant at which it was observed, while all 
specimens which presented any difficulty in determination were 
extracted as completely as possible and carefully re-examined 
at leisure, I may claim that these lists are absolutely reliable, 
provided that each name presents exactly the same 
idea to those who read it, as it does to me in writing 
it. 

This is always a very necessary reservation to bear in mind, in 
the interpretation of lists of fossils from the Carboniferous Lime- 
stone. The most familiar specific names usually cover so many 
mutations and varieties, that they convey no exact information, and, 
In consequence, comparisons instituted, in reliance on such lists, 
are apt to be very unconvincing. ‘The indefiniteness of the well- 
known specific names was well pointed ont by Prof. Watts, in 
his presidential address to the Geological Section of the British 
Association, at the Southport meeting in 1903.° 

In order to secure the requisite definiteness, I have appended a 
series of photographs (Pls. XXII-XXVI) which not only illustrate 
the new specific names that I have here introduced for the first time, 
but also convey the precise sense in which some of the well-known 
specific names are employed in this paper. With this addition, I 
believe that I may fairly claim for this paper :— 


(1) That it is an accurate record of the faunal sequence throughout the 
Bristol area. 

(2) That, by means of the plates, the majority of the specific names 
convey the precise meaning which they are intended to bear. 


1 Quart. Journ. Geol Soe. vol. xliv (1888) p. 186. 
2 Proc. Bristol Nat Soc. n.s. vol. 1 (1875) p. 318. 
Rep. Brit. Assoc. 1903 (Southport) p. 643. 
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Throughout the Carboniferous Limestone of the Bristol area, 
Corals and Brachiopods play the leading parts, and it is with these 
two groups alone that this paper deals. 

The Bryozoans are, nevertheless, of considerable service in the 
field, since they are abundant and undoubtedly obey a fixed law 
of vertical succession; but their zonal distribution must be worked 
out by those who possess a special knowledge of this difficult 
group. 

Since no system of zones, founded entirely upon a purely- 
paleontological basis, has previously been suggested for the Car- 
boniferous Limestone, my task was rendered easter, in that I had 
merely to adopt that system which best co-ordinated the faunal 
succession in the Bristol area. Such a system, deduced from the 
examination of a single area and founded entirely upon two fossil- 
groups, cannot of course presume to be more than a preliminary 
attempt to deal with a large and complicated problem; but it may 
serve as part of the scaffolding, by means of which a system of 
general application will ultimately be built up. tn order that the 
suggested divisions may have more than a merely-local value, I 
have selected genera for the zonal indices and species-groups 
for the subzonal indices. 

The tendency of recent paleontological work is to make the 
species the unit of division, and to include in its definition every 
observable property. The necessary result of such minute definition 
is, undoubtedly, to ensure that the same name always conveys 
precisely the same meaning; but, on the other hand, it tends to 
confine each species to a limited area, as well as to a limited 
horizon. Hence, a perfectly-defined species is not likely to be of 
great value as a zonal or subzonal index. 

A gens or species-group may beconsidered to be the aggregate 
of all the species which possess, in common, a large number of 
essential properties, and are continuously related either in space 
ortime. I had originally used the term circulus inthe sense here 
defined; but, although Prof. Gregory certainly employs the term in 
this sense,’ I agree with Dr. Bather that this is not the original 
meaning which he attached to the term. I consequently employ 
circulus only in the sense explained by Dr. Bather, and suggest 
the term gens to convey the meaning of a speCcies-group as 
here defined. (See Discussion, pp. 306-307.) 

It is immediately obvious that such a definition has no absolute 
exactness, for it depends entirely upon the conception of what are 
essential properties, and also upon how few such common 
properties may be considered sufficient to allow of two species 
being grouped in the same species-group. ‘There is not, however, 
any great difference of opinion as to the essential similarity of two 
species; the danger is, rather, that two species, evolved along 


1 * Brit. Mus. Catal. of the Jurassic Bryozoa’ 1896, p. 27. 
02 
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different lines and at very different dates in the earth’s history, 
may be included in the same species-group. ‘Two forms which are 
essentially similar and occur on the same relative horizon, but in 
distant localities, may with great probability be referred to the 
same species-group. For example :—Spirifer tornacensis, of the 
Lower Tournaisian of Belgium, is essentially similar to Sp. aff. 
clathratus of the Bristol area, which occurs at the same horizon; 
consequently, these two species may be referred to the same 
specles-group. 

On the other hand, a form resembling Productus Martini, which 
occurs in the uppermost zone of the Carboniferous Limestone in 
the Bristol area, has almost. certainly been immediately evolved 
from ancestors of the type of Pr. Cora, and is in no way a survivor 
of the form here denoted by Pr. cf. Martini, which characterizes 
the lower part of the Carboniferous-Limestone Series in the 
Bristol area. These two forms are, however, easily distinguished, 
and should consequently receive distinct specific names; but, 
though similar, they cannot be referred to the same species-group, 
since their lines of evolution are totally distinct. 

The use of ‘aff. before a specific name will imply that the fossil 
under consideration and that with which it is compared belong to 
the same species-group. 

The use of ‘cf.’ before a specific name merely denotes a 
certain degree of similarity, but does not necessarily imply genetic 
relation. 

Mutations are strictly the time-variants of a gens, but I 
include, also, space-variants under the same term, for no sharp 
distinction can possibly be drawn between the two types of variant. 
The mutations of a gens usually mark the points of convergence of 
that gens with cognate gentes. 





In the Bristol area, the Corals are the most valuable genera as 
zonal indices, for the following reasons :— 


(1) Corals are abundant in all parts of the area, and almost throughout 
the whole of the Carboniferous Limestone. 

(2) The genera are easily distinguished, by the aid of sections, even in 
small fragments. 

(8) They have usually well-defined ranges. 

(4) It seems almost certain that Zaphrentis, Caninia, Lithostrotion, 
Clisiophyllum, and Lonsdalia are stations on an unbroken line of 
evolution ; and it may also be possible to demonstrate that Caninia, 
Cyathophyllum of the type of C. ¢, Cyathophyllum of the type of 
C. Murchisoni, and Cyathophyllum of the type of C. regiwm are 
corresponding stages in evolution along another radius. 


With regard to (4), it is clear that any system of zonal indices, 
in which each index is the result (either entire or partial) of 
evolution from the one which precedes, has a special value, from 
the fact that the relative order is necessarily the same for all 
localities. 


= 
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If, however, it is found that the zonal indices succeed each other 
in the same order in two distinct localities, and it is also found that 
a number of other fossils are common to the two localities, it 
cannot be assumed as a necessary deduction, and is not a demon- 
strated fact, that the fossils associated with any particular index in 
the one place, will be again associated with that index in the 
second place, or will be distributed in the same way throughout 
its zone. Even in a small area, there is, in-the case of two widely- 
different classes of organisms, such as Corals and Brachiopods, a 
small relative displacement of the one group upon the other, at 
different points of the area. 

For example, if, in the Burrington, Avon, and Tytherington 
sections, we register the first occurrence of Caninia, in terms of 
the brachiopod-sequence at each locality, the event is found to 
occur at Burrington in the resupinata-subzone, in the Avon section 
just above that subzone, and at Tytherington in the laminosa-sub- 
zone: thus demonstrating a retardation of the coral-sequence upon 
the brachiopod-sequence, as we proceed from south to north. 

If the amount of relative displacement of one group upon another 
were accurately charted at different points of any area, it would be 
possible to estimate the relative acceleration of the one group upon 
the other, both in direction and amount, and, hence, to deduce the 
probable association of fossils in a distant locality. 


At an early stage it was found necessary, for purposes of accurate 
registration and co-ordination, to adopt a series of zonal indices. 
Those genera, consequently, are selected as zonal indices, the 
abundance of which throughout definite portions of the series has 
forced itself upon my attention, when working in the field. 

It was ascertained that there was usually a certain interval, of 
greater or less extent, in which the indices of two successive zones 
were found associated together. The faunal overlaps of zones form 
very definite horizons, and I have consequently designated them 
Horizon a, (3, etc. 

A series of subzonal indices was next adopted, to designate 
the parts of a zone, whenever a marked change of fauna naturally 
called for the subdivision of a zone. For this purpose species- 
groups were employed, and the particular groups selected have 
been chosen for one of two reasons :-— 


Hither (1) they have their maximum development within the portion which 
they were selected to indicate ; 
or (2) they are survivors of an earlier fauna, occurring commonly among 
the members of a later facies. 


It is important, however, to emphasize the fact that the zonal 
and subzonal indices are merely employed to connote 
special faunal aggregates, so that the presence of a zone can 
be definitely asserted, even though the index of that zone has not 
been discovered. 
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The series of zones and subzones is as follows :— 


Subzones and Horizons. 
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The correlation of the faunal divisions (enumerated in the fore- 
going table) with the lithological divisions previously in use, 18 
fully set out in the detailed description of the Avon section (p. 188). 

The discussion of the reasons for choosing the zonal indices and 
for dividing the whole Carboniferous-Limestone Series into two 
great divisions can only be undertaken after the detailed account 
of the whole area has been set out. The general scheme of 
this detail is sufficiently explained by the Table of Contents 
(p. 181). 
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II. Dersitep Description oF Continvous Srorions anp IsoLATED 
EXPosuRES IN THE Bristot AREA. 


G) Continuous Sections. 
(a) Tue Avon Section, 
Tournaisian or Lower Carboniferous Limestone. 
M = Zone’ of Modiola lata (Moprora-Zone). 


Lithological character.—Shales with subsidiary limestones, 
ending with a series of red limestones (Horizon a). 


Former designation.—The lower portion of the Lower Lime- 
stone-Shales, ending with the ‘ Bryozoa-Beds.’ 


Where exposed in the Avon section :— 


Clifton side: The cuttings on both the Avonmouth lines near 
Cook’s Folly. 


Leigh Woods side: A riverside exposure, and the cutting on the 
Portishead line. 


Coral-fauna.—None as yet recorded. 


Brachiopod-fauna: 


( Cliothyris Royssit. 
Abun- | Humetria (‘ Retzia’) sp. 
dant. | Camarotechia aff. mitchel- 
deanensis. 


Spirifer sp. aud Syringo- 


Rac ( Orthotetes crenistria. 
° | Leptena analoga, 
And probably (see analysis of Stod- 
dart’s paper, p. 201) :— 
Lingula sp. 
(Discina) sp. 


Spiriferids (fragments of 
Rare. 


thyris sp.). Chonetes cf. hardrensis. 


Other groups: 


Lamellibranchia. 
Modiola lata and M. sp. 
Sanguinolites spp. 
Gasteropoda. 
Murchisonia spp. 
Bellerophon sp. 


Bryozoa. 

Rhabdomeson cf. rhombiferum 
and E?habdomeson sp. 

Fenestellids. 

Polycheta. 
Spirorbis sp. 

Ostracoda, several forms. 

Scales of fishes and plant-remains. 


Note on the definiteness of Horizon a in the Bristol 
area.—lIn so far as the brachiopod-fauna is concerned, Horizon a 
is characterized by :— 


(i) The occurrence of forms which become enormously abundant in the 
succeeding zone. Examples are :—Orthotetes crenistria, mut. 


1? 
Leptena analoga; Chonetes cf. hardrensis. 


1 It is pointed out, at the end of this paper, that the Modzola-Zone had 
better be regarded as a shallow-water phase of the Cleistopora-Zone, than as 
a distinct zone; but the invariable occurrence of similar bathymetric con- 
ditions, wherever the Upper Old Red Sandstone is conformably overlain by the 
Carboniferous Limestone, renders the distinction of this phase a matter of 
considerable stratigraphical importance. 
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(ii) The presence of forms which, in the Bristol area, are confined to the 
upper portion of Zone M and to Subzone K. Examples are:— 
Eumetria (‘ Retzia’) spp.; Cliothyris Royssti; Camarotechia aff. 
mitcheldeanensis. 


If account be taken of the other groups :— 


The rare occurrence of Modiola lata and of ostracods in Horizon a} links 
that horizon with Zone M. 

The abundance of Rhabdomeson links Horizon a with Zone K. Hence 
Horizon a forms, from a palzontological point of view, a somewhat indefinite 
level of overlap, in which the Modiola-ostracod phase passes gradually into the 
faunal phase characteristic of the Cletstopora-Zone. 


From a lithological standpoint, the development of the highly- 
characteristic red, crystalline, encrinital limestone at this level 


throughout the Bristol area appears to give to Horizon a a definite- 
ness which its paleontological characters scarcely warrant. 


K = Zone of Cleistopora aff. geometrica 
(Crzrstopor4-Zone). 

Lithological character.—This zone has the ‘ Palate-Bed’ for 
its base, and includes the whole of the thick series of shales (with 
subsidiary limestones) which lie between that bed and the base 
of the massive limestones of the Zaphrentis-Zone. 

Former designation.—The whole of the Lower Limestone- 
Shales which lie above the ‘ Bryozoa-Beds.’ 

Where exposed in the Avon section:— 

Clifton side: Occasional exposures along the Avonmouth line, 
near Cook’s Folly. 
Leigh Woods side: The lowest beds are shown in the riverside 
exposure; the topmost beds are shown in Quarry 1 (see 
ie, XX VIL). 
Coral-fauna: 
Cleistopora aff. geometrica. 


Brachiopod-fauna: 


Cliothyris Royssti vars. & mut. p. Ehipidomella aff. Micheline. 
Spirifer aff. clathratus & var. Productus bassis. 
Spiriferina octoplicata. Productus cf. Martini. 
Syringothyris aff. cuspidata. Chonetes cf. Buchianu, Ch. cf. crassi- 
Humetria (‘ Retzia’) aff. carbonaria. . stria, and intermediate forms. 
Camarotechia mitcheldeanensis. Chonetes cf. hardrensis. 
Leptena analoga, Lingula sp. 
Orthotetes crenistria (especially (Discina) sp. 
mut. K,). | 


Subdivisions :— 
K,=Subzone of Productus bassus (passvs-subzone). 
This includes only the lowest portion of the zone, and is charac- 


terized by the great abundance of :— 


Camarotechia mitcheldeanensis, Leptena, Orthotetes crenistria, mut. KS 
Productus bassus, and small Chonetes. 
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Kumetria (‘ Retzia’) aff. carbonaria, Productus bassus, and Choncetes 
cf. Buchiana are practically confined to this subzone. 

Syringothyris aff. cuspidata becomes common towards the top of the 
subzone; but Spirifer spp., Spiriferina octoplicata, Rhipidomella, and 
Productus cf, Martini ave either absent or very rare. 


K,=Subzone of Spiriferina octoplicata (ocropricara- 


subzone). 


This includes the upper and main portion of the Clestopora- 
Zone, as well as the horizon of overlap with the Zaphrentis-Zone 


(Horizon £B). 
Brachiopods: 


Leptena, Orthotetes, Chonetes cf..crassistria, and Ch. cf, hardrensis are still 
abundant ; but Orthotetes shows a mutational change. 

Camarotechia mitcheldeanensis is still common, but diminished in 
numbers; and Spirifer aff. clathratus becomes increasingly numerous as 


we approach Horizon p. 


Rhipidomella, Productus ef. Martini, and the mutation of Cliothyris 
foyssti which is characteristic of the lowest subzone of the Zaphrentis-Zone 


begin to make their appearance. 


Spiriferina octoplicata reaches its acme at the top of this subzone. 


Corals: 


Cleistopora aff. geometrica is nowhere common, but is most abundant in 


the. upper part of this subzone. 


4=ZLone of Zaphrentis aff. Phillips: (Zarurentis-Zone). 


Lithological character.— Massive limestones, usually very 


encrinital. 


Former designation.—The Lower Limestone (omitting the 


uppermost beds). 


Where exposed in the Avon section :— 


» 


Clifton side: The Black Rock (see below, pp. 191-93). 
Leigh Woods side: Quarries 1 & 2 (see Pl. XX VII). 


Coral-fauna: 


Zaphrentis aff, Phillipsi. 
Zaphrentis aff. cornucopie. 
Caninia cylindrica, 


Brachiopod-fauna: 


Cliothyris glabristria & mut. 
Cliothyris Royssti & wut. 
Spirifer aff. clathratus & vay. 
Reticularia aff. lineata. 
Spiriferina octoplicata. 
Syringothyris cuspidata, muts. 
Syringothyris aff. laminosa. 
Camarotechia mitcheldeanensis, muts. 
Camarotechia cf. pleurodon. 
Leptena analoga. 

Schizophoria resupinata. 


Anrplecus ef. coralloides, 
Michelinia spp. 
Syringopora 6. 


Orthotetes 
mut. Z). 

Rhipidomella aff. Michelini. 

Productus ef. Martinz. 


erenistria (especially 


— Productus semireticulatus, muts. 


Productus aff. pustulosus. 
Productus aff. Cora mut. Z. 
Chonetes cf. crassistria. 
Chonetes cf, hardrensis. 
Chonetes papilionacea. 
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Subdivisions :— 
8=Horizon £. 


This includes the very lowest beds of this zone; these beds 
might, probably with equal truth, be considered as the very 
topmost beds of the preceding zone, for Zaphrentis and Spiriferina 
octoplicata co-occur here, while all the brachiopods pass con- 
tinuously from the series below into this horizon. It is, then, a 
well-marked horizon of overlap, and is lettered accordingly. 

I include it as the base of the Zaphrentis-Zone rather than as 
the top of the Cletstopora-Zone, for three reasons :— 


(a) Zaphrentis is first met with here, and is immediately fairly common, 
whereas Cleistopora has not been registered here. ; 
(b) Cliothyris glabristria first occurs (so far as I know) at this horizon." 
(c) Spirifer aff. clathratus becomes extraordinarily abundant, and con- 
tinues so for some time. 
Where exposed in the Avon section:— 

Clifton side: The lowest part of the Black Rock (that is, the small 
separate quarry, which is now closed and forms jart of a 
private estate).” 

Leigh Woods side: Quarry 1. 


Special faunal characters.—This horizon is only to be dis- 
tinguished from the rest of the lower portion of the Zaphientis- 
Zone by the common occurrence of Spiriferina octoplicata ; 
all its other characters are exactly those which distinguish the 
clathratus-subzone. 


Z, = Subzone of Spirifer aff. clathratus (oraruRrarus- 
subzone). 


[So named from the enormous abundance of the index-fossil. | 


Where exposed in the Avon section:— 
Clifton side: All the beds of the Black Rock, up to the slope at 
_ the northern end of the present quarry. 
Leigh Woods side: Quarry 1, and the lowest part of Quarry 2. 


Special faunal characters :— 


Brachiopods: 

Chothyris Royssti (mut. 3), Lhipidomella, and Productus ct. 
Martini reach their maxima, while Spirifer aff. clathratus and 
its varieties mamtain their extreme abundance throughout the 
subzone. 

Spiriferina octoplicata, as already stated, is rare above the 
lowest beds (Horizon {). 

Rhynchonella mitcheldeanensis, Leptena analoga, Chonetes ct. 
hardrensis, and Ch. ef. crassistria ave abundant at certain levels. 


1 See note under Cliothyris glabristria, p. 297. 
2 This quarry is named ‘ Press's Quarry,’ on the sketch-map of the Avon 
quarries (Pl, XX VII). 
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Syringothyris cuspidata and Orthotetes crenistria are abundant, 
in those aor mutations which characterize the Zaphrentis- 
Zone. 

Cliothyris glabr istria and Reticularia aff. lincata enter, and 
gradually increase in abundance. 

Chonetes papilionacea occurs rarely, for the first time, near the 
top of the subzone. 


Corals: 


Zaphrentis aff. Phillipsi is common in certain beds. 
Syringopora 6 occurs rarely. 
No other corals have been recorded. 


Z,=Subzone of Schizophoria resupinata (rEsuprvara- 
subzone). 


Where exposed in the Avon section:— 


Clifton side: The main Black-Rock Quarry (that is, that corte 
of the present quarry which has been worked back to a con- 
siderable distance from the line) not including the southern 
end. (See Horizon y and Zone C, p. 193.) 

Leigh Woods side: The upper part of Quarry 2. 


Special faunal characters :— 
Brachiopods 

Cliothyris Royssti, Spirifer aff. clathratus, Camarotechia 
mutcheldeanensis, Leptena analoga, and Chonetes ef. crassistria 
are nowhere common. . 

Syringothyris cuspidata and Orthotetes crenistria are abundant 
in the mutations typical of the Zaphrentis-Zone. 

thipidomella aft. Michelini is common, but has passed its acme. 

Cliothyris glabristria and Schizophoria resupinata reach their. 
maxima, and are prolific. 

Chonetes cf. hardrensis teems in certain beds, where it is more 
and more frequently associated with Ch. papilionacea. 

Productus ct. Martina becomes rare, and is replaced by a 
larger form closely allied to Pr. semireticulatus. Productus aff. 
Cora, mut. Z, is rare. 

Syringothyris aff. laminosa makes its entrance in this sub- 
zone. 


Corals: 


Zaphrentis aft. Phillipst 


: : and reach their maxima near the 
Zaphrentis aff. cornucopice 


top of it. 

Amplexus cf. coralloides enters towards the top, and quickly 
attains its maximum. 

Canina cylindrica and Michelinia occur rarely in the very 
topmost beds. 

Syringopora § is common at certain levels. 


{an throughout the subzone, 


Vol. 61.] SEQUENCE IN THE BRISTOL AREA. 193 


= Horizon y. 
(The top of the Zaphrentis-Zone and the bottom of the 
Syringothyris-Zone.) 


Where exposed in the Avon section :— 


Clifton side: The southern end of the present Black-Rock Quarry. 
Leigh Woods side: Towards the top of Quarry 2. 
Special faunal characters :— 

Brachiopods: 

Syringothyris cuspidata, S. aff. laminosa, and Orthotetes creni- 
stria, muts. Z and C, are common. 

Chonetes papilionacea becomes abundant and Chonetes cf. 
hardrensis rare. | 

Productus aff. semireticulatus is occasionally found. 

All the other brachiopods cited as typical of the as 
Zone are rare at this horizon. 


Corals: 

Michelinia and Amplexus are not uncommon, but the important 
feature of the horizon is the co-occurrence of Zaphrentis and 
Canima in remarkable abundance. The level is thus a well- 
marked ‘horizon of overlap’ of the Zaphrentis- and Caninia- 
Zones, and is consequently designated Horizon y. 


C = Zone of Syringothryis aff. laminosa = Lower 
Caninia-Zone. (Syrrveoruyris-Zone.) 


Lithological character.—tThe following rocks are met with 
in ascending order : 
(1) Encrinital limestones, which are appreciably dolomitic. 
(The lanunosa-dolomites.) 
(2) A thick band of oolite. (The Caninia-Oolite.) 
(3) Shales with thick bands of dolomite and subsidiary beds 
of oolite (lower part only). 


Former designation.—In ascending order: 
(1) Top beds of the Lower Limestone. 
_ (2) Gully Oolite. 
(3) Middle Shales (lower part only). 
Where exposed in the Avon section :— 
Clifton side : 
(1) Occurs between the Black-Rock Quarry and the Gully- 
path and at the base of the Gully Oolite-quarry. 
(2) Forms the main portion of the Gully Oolite-quarry. 
(3) Is exposed in the low railway-cutting between the Gully 
and the Great Quarry (lower part only). 
Leigh Woods side: 
The topmost beds of (1), (2), and the very lowest beds of (3) 
are seen in Quarry 3. 
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Special faunal characters :— 
Brachiopods: 

Orthotetes crenistria, mut. C, and Chonetes aff. paprlionacea 
crowd the beds at certain levels (often the Chonetes passes into a 
strongly-convex variant, Ch. cf. comoides). 

Syringothyris cuspidata and Productus aff. semireticulatus are 
met with occasionally. 

Syringothyris aff. laminosa, though never scene abundant, 
can always be found, and is highly characteristic of the zone. 


Corals: 
Syringopora cf. reticulata occurs. 
Michelimia megastoma is not uncommon. 
Amplexus probably occurs here. 
Zauphrentis is seldom found, except at the base (in Horizon y). 
Caninia cylindrica attains its maximum at the base. 


Nots.—In the Avon section the uppermost beds of this zone are unfossiliferous, 
so that there appears to be a remarkable paleontological break between this 
zone and the succeeding Seminula-Zone ; this break is, however, partly filled in 
by certain beds found in neighbouring parts of the Bristol area (see under 
Failand and Clevedon). I shall consequently defer the necessary discussion, 
as to the advisability of retaining a single zone (the Caninia-Zone) to cover 
both the zone C and the subzone 8,, until a later portion of the paper (p. 260). 


Viséan or Upper Carboniferous Limestone. 
S = Zone of Seminula ficoidea and its allies (Seuzwuzra-Zone). 


Lithological and paleontological details are more conveniently 
set out under the separate subzones. 

The essential faunal characters of this zone are the extreme 
abundance and the association of Seminula spp., Lithostrotion 
Martini (vars. & muts.), and giganteid Producti (including Productus 
aff. Cora). 

The lower subzone (S,) is distinguished by the survival of 
Tournaisian forms, such as Syring gothyris spp., Productus aff. 
semireticulatus, Canima aff. cylindrica. The upper subzone (8,); 
on the other hand, is characterized by the incoming of forms which 
abound in the Dibunoph yllum-Zone, such as Clisiophy lids, Cyatho- 
phyllum Murchisoni, Alveolites. 


Subdivisions :— 


S,=Subzone of Productus semireticulatus, mut. 8, = 
Upper Cawzvia-Zone. 


Lithological character: 
(1) Shales and thick bands of dolomite and occasional beds of 
oolite. Succeeded by 
(2) Massive limestones with thin shale-partings ; many of these 
limestones are appreciably dolomitic, and are beautifully 
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compact in texture, with good conchoidal fracture ; others 
are granular and encrinital. 


Former designation: 


(3) Middle Shales (upper part only). 
(4) Mitcheldeania-Beds, at the base of the Middle Limestones. 


Where exposed in the Avon section :— 

Clifton side: The upper part of the cutting between the Gully 
Oolite-Quarry and the Great Quarry, and the lower third of 
the Great Quarry. 

Leigh Woods side: The lowest beds in Quarry 4 (sce 
EX V IT). 


Special faunal characters :— 
Brachiopods: 

Seminula ficoidea and its allies become extremely abundant, 
and are associated with prolific specimens of a giganteid Productus: 
er 0). 

Productus semireticulatus still occurs, and a well-marked muta- 
tion with very long spines characterizes a bed at the top of the 
suvzone (the so-called ‘ longisponus ’-bed). 

Productus aff. hemisphericus is not uncommon. 

Syringothyris aff. laminosa and Athyris (?) sp. occur in con- 
siderable numbers at one level. 

Orthotetes crenistria, in a characteristic mutation, is found 
somewhat rarely in the upper beds, and the gens has entirely 
lost that predominance which is so noteworthy a feature of the 
Tournaisian facies. 


Corals; 

Canimia cylindrica (especially in its mutation bristolensis) is. 
abundant chiefly in the upper half, and with it are associated 
(probably) occasional specimens of Amplewus and Michelinia. 

Syringopora becomes common at the top in a distinct form 
(cf. S. distans). 

Lithostrotion Martini appears early in the subzone, and, in the 
upper portion, whole beds are made up of this species and of one. 
of its varieties. 

Inthostrotion basalirforme (var. bristolense) has long been known. 
to collectors ; it abounds in a few beds near the top of the sub- 
zone (one of these beds, which is stained black by petroleum, is. 
known as the ‘ Aranea-Bed ’). 

Alveolites sp. and Cyathophyllum are rare. 


A characteristic bryozoan in this subzone is Heterotrypa tumidu. 


S.=Subzone of Productus Cora, mut. 8,. (The main 
portion of the Semznula-Zone.) 
Lithological character.—Chiefly massive limestones, containing 
a thick series of oolites near the base, and concretionary limestones. 
(with shale-partings) at the top. 
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Former designation.—The whole of the Middle Limestones, 
with the exception of the very topmost beds (which form the 
lower part of Zone D) and of the lowest beds (already described 
under subzone 8, ). 


Where exposed inthe Avon section :— 
Clifton side: 


(1) The upper two-thirds of the Great Quarry, and the rocks at 
the side of the line up to the bottom of the new Zigzag 
Path. 

Norr.—All the beds above the base of the oolite (which occurs about the 
middle of the Great Quarry) are repeated by the Great Fault in 
St. Vincent’s Rock. 

(2) In this repetition the higher portions of the Seminula-Zone 
are exposed, from the Great Fault (near the bottom of Bridge- 
Valley Road) almost up to the wall at the bottom of the 
old Zigzag Path. 

Leigh Woods side: 

(1) Quarry 4, except the lowest beds; along the side of the line ; 
Quarry 5 and the lower part of the series through which 
the tunnel is bored. 

(2) (Owing to the repetition by the Great Fault). Along the 
side of the river-path, from Nightingale Valley to the end of 
the riverside exposure. 

(3) Also in the disused quarry to the right of the road, immedi- 
ately after crossing the Suspension-Bridge. 


Coraliauna: 


Alweolites septosa. Cyathophyllum Murchisoni. 
Syringopore cf. distans.  Clisiophyllum (Careinophyl- 
Lithostrotion Martini & routs. lum) 0. 


Brachiopod-fauna: 


Seminula ficoidea and closely- 
allied forms. 

Orthotetes crenistria, mut. 8. 

Productus aff. hemisphericus. 


Productus Cora, mut. §,. 
Productus ‘ giganteus? 
Chonetes papilionacea. 
Chonetes aff. comoides. 





A characteristic bryozoan in this subzone 1s Chetetes (?) radians. 


Special faunal characters :— 


Lithostrotion Martini, Seminule, and Product: abound throughout. 

Chonetes papilionacea and Syringopora sp. are common at re- 
curring levels. 

Clisiophyllids occur sparingly from the base of the oolite onwards, 
and are chiefly represented by Cliscophyllum @. 

Orthotetes, Alveolites, and Cyathophyllum Murchisoni are rare. 

Productus ‘giganteus’ becomes abundant at the top of the 
subzone. 

Productus Cora, mut. 8,, attains its maximum in the Seminula- 
oolite. 

Productus aff. hemisphericus gradually increases in numbers. 
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D=Zone of Dibunophyllum aff. turbinatum 
(DisuworHytiom-Zone). 


Lithological character.—In ascending order: 


(1) Massive limestones. 
(2) Shales and grits. 
(3) Massive limestones, 


(4) Shales. 


Former designation: 


(1) The upper part of the Middle Limestone. 

(2) The Upper Limestone-Shales (lower part). 

(3) The Upper Limestone in the Upper Limestone-Shales. 
(4) The Upper Limestone-Shales (upper part). 


Where exposed in the Avon section :— 


Clifton side: 


On either side of the new Zigzag Path and, along the side of 
the railway-line, between the bottom of that path and the 
tunnel-entrance (near Point Villa). 

In small exposures along the riverside path, from the entrance 
to the new Zigzag up to Point Villa, and in a continuous ex- 
posure from that point to the wall at the bottom of Bridge Valley- 
Road, also along the side of Bridge Valley-Road. 

_ In the repetition of the series after the fault, this zone is met 
with just before the wall at the bottom of the old Zigzag Path; 
and, after passing the entrance to that path, it extends con- 
tinuously up to the Rocks Railway. Beyond this point the beds 
are hidden by the Colonnade, and, farther on, by St. Vincent’s 
Parade. 

Leigh Woods side : 

Near the point on that side and, after a considerable break, in 
Quarry 6 at the foot of Stokeleigh Camp and in the exposures on 
the side of the camp. 

In the repetition of the series after the fault, the zone can 
again be studied in the Quarry on Rownham Hill. 


Coral-fauna: 


Alveolites septosa and varieties. | Cyathophyllum Murchisont and 

Syringopora ef. distans. | variants. 

Syringopora ct. geniculata. | Cyathophyllum regiun. 

Lithrostrotion Martini and vari- | Campophyllum aft. Murchisoni. 
ants (especially towards JZ, Clisiophyllids of numerous types 
irregulare and Lonsdalia). | (such as Clisiophyllum 9 and 

Lithostrotion tirregulare and vari- | the group of Dibunophyllum 
ants. aff. turbinatum), 

Lithostrotion junceum. - Lonsdalia floriforinis. 

Lithostrotion Portlocki and vari-  —»- Lonsdalia aff. rugosa. 


ants (such as L. M‘Coyanum, Axophylium 9. 
L. ensifer). 


Q.J5.G.8. No. 242. Pp 
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Brachiopod-fauna: 


(?) Dielasma hastata. |  Productus aff. Cora, mutations. 
Seminula ficoidea and allied | Productus giganteus. 
forms. Productus henvisphericus & vars. 
Orthotetes crenistria, mut. D. Chonetes aff. conotdes. 
Subdivisions :— 


D,=Subzone of Dibunophyllum 0 and Dibunophyllum > 
(@m-subzone). 
Where exposed in the Avon section :— 
Clifton side: 

Of the exposures already mentioned as included in the whole 
zone, those up to a little beyond Point Villa before the fault, and 
the whole ofthe exposure mentioned after the fault, belong to 
this subzone. 

Nott.— Fossils labelled ‘Point,’ ‘Hotwell House,’ ‘ Boiler-Bed,’ and 
‘ Behind the Colonnade,’ etc. are derived from beds in this subzone. 
Leigh Woods side: 
The beds near the Point on that side of the river. 


Special faunal characters :— 
Brachiopods: 
Productus ‘ qiganteus’* abounds towards the base, and the 
thick-shelled Chonetes aff. comoides is not rare. 
Productus aff. Cora occurs in a well-marked mutation. 
Pr, hemispherieus is abundant just above the rich coral-band. 
Seminula ficoidea is uncommon and Orthotetes rare. 


ae 


Corals: 


Cyathophyllum Murchisont teems in several well-marked 
varieties, between which there are complete transitions. 

Clisiophyllids belonging to both the Clisiophyllum- and Dibuno- 
phyllum-sections reach their maximum, the most abundant forms 
being cylindrical or elongate members of the group of Dibuno- 
phyllum aft. turbinatum, which are here designated D. 6 and D. 9. 

Syringopora and Alveolites are both abundant (the commonest 
species of Syringopora being S. cf. distans and S. ef. genicwlata). 

Campophyllum aff. Murchisoni reaches its maximum. 

A Koninckophyllid Cyathophyllum occurs rarely. 

Inthostrotion Martini and its mutations are not uncommon, but 
are far less abundant than in the zone below. 

Inthostrotion wrregulare becomes important. 

Inthostrotion gunceum occurs, but is never abundant. 

In the Avon section this subzone is chiefly recognized by the 
enormous abundance of simple Cyathophylla and of elongate 
Dibunophylla, both of which groups reach their maxima. 


1 Productus ‘ giganteus’ merely implies large, convex Producti, with close 
and fiexuous, longitudinal ribbing and broad, over-rolled beak. It is a con- 
venient field-term, but I am ignorant of the hinge-characters. 
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D,.=Subzone of Lonsdalia floriformis (Lonspauta- 
Subzone). 


Where exposed in the Avou section :— 
Clifton side : 

(1) In the riverside exposure, from a little above Point Villa to 
the end of the exposure (that is, to the wall at the bottom 
of Bridge Valley-Road). 

(2) At the side of Bridge Valley-Road. 

(The first-named exposure is known as ‘ Round Point’). 
Leigh Woods side : 
In Quarry 6 and in the exposures on the side of Stokeleigh 
Camp. 
In the quarry on Rownham Hill. 


ppecial faunal characters :— 
Brachiopods: 


Productus ‘giganteus’ and Pr. ef, latissimus are not uncommon. 
Spiriferids and Athyrids are very rare, and their identification 
awaits further material. 


Corals: 


Cyathophyllum regium, the group of Lithostrotion typified by 
L. Portlocki and L. ensifer, and Lonsdalia floriformis and its 
variants only occur in this subzone, where they are abundant 
and highly characteristic. 

The Clisiophyllids are common, especially in the conical forms 
of the Dibunophyllum aff. turbinatum-group which are here 
designated Dibunophyllum w. 

Lithostrotion Martina in its typical form is rare, but the 
mutations towards L. irrequlare and towards Lonsdalia are very 
characteristic. Lithostrotion wregulare reaches its maximum. 
Lnthostrotion gunceum occurs sparingly. 

Axophyllum is common. 

Alveolites is fairly abundant, as is also one of the Syringopore 
(cf. Syringopora distans). 

Cyathophyllum Murchisoni, although common, is not so prolific 
as in the lower subzone. 


e = Horizon e. 
Lithology.—Shales and hard grits (somewhat calcareous). 
Former designation.—Millstone-Grit (lower part). 


Where exposed in the Avon section.—Now bricked up, but 
formerly exposed at the farther end of St. Vincent’s Parade 
(behind the ‘ General Draper’ public-house) on the Clifton side. 

Pp 2 
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Fauna: 


Productus aff. scabriculus crowds the beds. 
(The form common in the Avon section is better described 
as a scabriculate variety of Pr. costatus.) 
Orthotetes and Productus aff. Cora are apparently not uncommon. 


Nors.—My whole knowledge of this horizon in the Avon section is derived 
specimens preserved plentifully in local collections. 


Analysis of Stoddart’s paper dealing with the Palzontologiéal 
Sequence in the Avon Section.* 


(Solely with reference to the Corals and Brachiopods.) 


The fossils cited in that paper will, for convenience, be designated by different 
letters, according as they fall into one or other of the following classes :— 


A. Those represented in the collection under the name cited in the paper 
and so localized as to suggest the horizon at which they are recorded. 
(With one or two exceptions the horizon is stated very broadly ; as, for 
example, Black Rock, Lower Limestone-Shales, Middle Limestone, etc.) 
C. Those unrepresented in the collection (at least so far as the particular bed 
under consideration is concerned). 
The class C will be subdivided into :— 
C 1. Those which inay be accepted as really occurring at the horizon 
stated. 

(Here Linclude those fossils which are usually identified correctly 
in the collection, or could not easily be mistaken for any of the 
other fossils known to occur at the particular horizon.) 

C 2. Those which should be rejected as erroneous determinations. 

(Here I include all fossils which are habitually determined erro- 
neously in the collection.) 


The fossils are grouped into the zones that I have suggested ; the number in 
front of the name is that employed by Stoddart to denote the particular bed in 
which the fossil occurs; the letter after the name has the meaning explained 
above; and I append the name under which the fossil is recorded in my own 
work. 

In some cases, the alteration in name consists merely in the employment 
of more recent generic nomenclature; in others it consists in more accurate 
specific identification ; while in several, Stoddart’s determination undoubtedly 
was entirely erroneous. 

The names given in inverted commas are those cited by Stoddart, and the 
are here considered to denote the fossils so named by him in the Stoddart 
Collection: as, for example, ‘ Rhynchonella pleurcdon, in the sense implied by 
Stoddart (that is, Pugnax pugnus), is not known to occur in tle Modiola-Zone ; 
whereas the common Lhynchonella in this zone is called ‘ Retzia radialis’ by 
Stoddart, and would probably have been passed by Davidson as a variety of 
Rhynchonella pleurodon. 


Moprota-Zonn. (Beds | to 5.) 
(2 & 4) ‘ Athyris Royssii’; A; Cliothyris Roysstd. 
(2) ‘ Spirifera rhomboidea’; 02; probably indicates a Spiriferid of 
considerable transversity. 
(2) ‘ Retzia radialis’; A; Rhynchonella mitcheldeanensis. 





' Proc. Bristol Nat. Soc. n. s. vol. i (1875) pp. 318 ez segg. 
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(4) ‘ Rhynchonella pleurodon’ ; C 2; (specimens labelled ‘ Rh. pleuro- 
ae aye certainly not from this zone). 

(4) ‘ Lingula and Diseina’; © 1. 

(4) ‘ Chonetes hardrensis’; C 1. 

(4) ‘ Streptorhynchus crenistria’ ; C1; Orthotetes crenistria. 

(4) ‘ Spirifer bisulcatus’ ; C 2; merely denotes a Spirifer of no great 
transversity. 

(4) ‘ Terebratula hastata’; C 2; possibly Cliothyris Royssti, 


Horizona. (Bed 6.) 
(6) (The ‘ Bryozoa-Bed’) ‘ Producta sp.’; A; Leptena analoga. 


CrersTopora-Zons. (Beds 8 to 12 and possibly 13; the position of Bed 13 is 
doubtful, as the fossils recorded are not obtained from the actnal Avon 
section ; it may occur either just below or even above Bed 14, or it may 
be the equivalent of that bed.) 

(7) (The ‘Palate-Bed ’) ‘ Discina and Lingula’; A. 

(8) ‘ Camarophoria globulina’; C2; possibly Rhynchonella aff. smtt- 
cheldeanensis (that is, the small globu- 
lay form in which the pleats are few 
and coarse, and are indistinct near the 
beak). 

(8) ‘ Athyris Royssit’; C1; Cliothyris Royssit or a mutation. 

(8) ‘ Athyris lamellosa’; C2; probably a transverse variety of 
Cliothyris Royssti. 

(8) ‘ Retzia radialis’; A; Rhynchonella mitcheldeanensis, 

(8 & 15) § Spirifer duplicicosta’ ; A; Spirifer aff. clathratus, 

(9) ‘ Chonetes Buchiana’ A; "‘Chonetes of, Buchiana. 

(9 & 13} ‘ Chonetes sordida,’ ‘var, perlata, ‘papilionacea’; A; Chonetes cf. 
hardrensis. 

(9, 11, & 13) ‘ Orthis resupinata’; A; Rhipidomella aff. Michelint & Pro- 

dictus sp. 
toni, & Ee Streptorhynchus crenistria, ‘var. arachnoidea’; As; Orthotetes 
crenistria (var.). The var. ‘arach- 
noidea’ is merely the flatter valve. 
(10) ‘ Rhynchonella pleurodon’ ; 0 2; aspecimen of Pugnax pugnus is so 
labelled, but is insufficiently localized. 
(13) ‘ Terebratula hastata,’ ‘var. ficus, ‘var. sacculus, ‘var. vesicu- 
laris’; A; Cliothyris Royssit (mut.). 
(13) ‘ Rhynchonella acuminata’; A (?); Pugnax acuminata (a speci- 
men is labelled ‘ Lr. Carb.’).} 
(13) ‘ Spirifer mosquensis’; A; Spirifer cf. bisulcatus, an axially-elon- 
gate variety. 
(13) ‘ Spirifera glabra’; A; ? Martinia glabra, var. linguifera (or 
Spiriferina rostrata from the Lias), 
(13) ‘Strophomena analoga’; A; Leptena analoga. 


Horizon B. (Bed 14, and probably Bed 13.) 

(14) ‘Spirifera striata’ and var. ‘attenuata’; A; Spiriter aff. clathratus 
and its variety. 

(14) ‘ Spirifera cuspidata’; A; Syringothyris aff. cuspidata, 

(14) ‘ Producta punctata’; C 2. 

(14) ‘ Producta pustulosa’; C 2; probably the interior of the concave 
valve of Productus aff. semireticulatus, 
which is not uncommon. 

But a Productus with discontinuous ribbing does occur at 
this horizon in the Bristol area. 

(14) ‘ Athyris Royssit’; ?; Cliothyris Royssii (mut.), 

* I do not know Pugnax below D; the specimen in the Stoddart Collection 
was derived from a matrix with which I am unacquainted in the Tournaisian 
of the Bristol area. 
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ZAPHRENTIS-ZONE and Horizon y. 
Although there are numerous specimens in the collection from these beds, 
the only bed cited is the ‘ Fish-Bed ’ (15). 


SYRINGOTHYRIS-ZONE. 
No fossils are cited from the main portion of this zone. 


SEMINULA-ZONE. 
S, Supzone. (Beds 16 to 19, and probably Beds 20 & 21.) 


(16) ‘ Terebratula hastata’; A; Seminula ficoidea, 
(17) ‘ Lithostrotion Aranea’; A; Lithostrotion basaltiforme (var.). 
(17) ‘ Lithostrotion irregulare’; A, Lithostrotion Martini (small var.). 
(17 & 18) ‘ Lithostrotion gunceum’; C2; probably Syringopora sp., which 
is common at this level, but not cited. 
(17) ‘ Producta punctata’; ?; a specimen of Pr. elegans is represented 
in the collection, but not horizoned. 
(18) ‘ Producta longispinosa’.; A; Productus semireticulatus (mut. §,). 
(19) ‘ Producta Martini’; ?; Productus aff. semireticulatus. 
(19) ‘ Producta Cora’; A; Productus 0. 
(19) ‘ Rhynchonella acuminata’; ?; I feel doubtful that the specimen 
in the collection is local. 
(20) ‘ Lithostrotion Portlochi’; C3; probably a sinall form of Z. basal- 
tiforme (var.). 
(20) ‘ Cyathophyllum regium’; C2; i one or other name must 
(20) ‘ Cyathophylium turbinatum’; 02; { denote the abundant Caninia 
cylindrica var. bristolensis, which is 
well represented in the collection. 
(20) ‘ Michelinia tenuisepta’; A (?); can only be regarded as probable 
evidence of Michelinia. 
(21) ‘ Cyrtina septosa’; C 2; may denote Syringothyris aff. laminosa. 
(21) ‘ Spirifera lineata’ C 2. 
S, Suszone. (Beds 40 & 41.) 


(40) ‘ Terebratula hastata’; A; Seminula ficoidea. 

(40) ‘Syringopora geniculata’ ; ¢ 

(41) ‘ Producta’; A. 

(41) ‘ Rhynchonella pugnus’; C. 

DIBUNOPHYLLUM-ZONE. 
O¢-Suszons. (Beds 23 to 29 and Beds 4% to 45.) 

(23) poe JSungites’; OC : | pao denote the Clisiophyl- 

(23) ‘ Clisiophyllum coniseptum’ O; § lids which are represented in the 

| collection. 
But Cyclophyllum does occur at this horizon, although very rarely. 

(28) ‘ Lithostrotion concinnum’; C; probably Lithostrotion Murtini 
(mut.). 

(23) ‘ Cyathophyllum regium’; C3; most probably Cyathophyllum 
Murchisoni, which teems at this hori- 
zon and is well represented in the 
collection. 

25) ‘ Terebratula vesicularis’; C; probably Seminula sp. 
(26 & 42) ‘ Chetetes radians’; A; Chetetes bristolensis. 

(26) ‘ Lithostrotion irregulare’ ; ? 

(27) ‘ Chonetes comoides’ ; C 1; probably Ch. aff. comoides. 

(27) ‘Producta Cora’; A; Productus atf. Cora, mut. 8. 

(27 & 42) ‘ Alveolites septosa’; A. 

(28) ‘ Zaphrentis Griffithsi’; C 2. 

(28) ‘ Amplexus coralloides’; C 2; (probably named from a vertical 
section of Campophyllum aff. Murchi- 
sont, which is common at this horizon). 

(29 & 42) ‘ Producta gigantea’; C1. 
(42) ‘Syringopora reticulata, S.geniculata,and S.lamellosa’ (? ramutlosa) ; 
A.; Syringopora spp. (awaiting accurate separation), 
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(42) ‘ Lithostrotion gunceum’; ? 
(42) ‘ Lithostrotion affine’; A; Lithostrotion Martini (mut.). 
(44) ‘Rhynchonella pugnus’; C. 


LONSDALIA-SUBZONE, (Beds 31 to 35 and Beds 46 & 47.) 
(31 & 34) ‘ Lithostrotion trregulare’; A; Lithostrotion irregulare and L. 
Martini (mut. towards L. irregulare). 
(33,35, & 47) ‘ Cyathophyllum regiwm’; A. 
(35 & 47) ‘ Cyathophyllum Stutchburyi and C. Murchisoni’; A; Cyatho- 
phyllwm Murchisoni. 
(33) ‘ Lithostrotion ensifer’; A. 
(83 & 47) ‘ Lithostrotion Martini’; A. 
(33) ‘ Lithostrotion basaltiforme’ ; C 2;) probably Lithostrotion 
(47) ‘ Lithostrotion carnea’ (? Aranea) ; C 2; } Portlocki, which teems 
at this horizon and is well represented 
in the collection, but not cited in the 
paper. 
(47) ‘ Lithostrotion M‘Coyanum’ ; ? 
(33) ‘ Lithostrotion gunceum’ ; ? 

(383 & 47) ‘ Lonsdalia floriformis’ ; A. 

(33) ‘ Aulophyllum fungites’; C; \ probably denote members of 

(33) ‘ Clisiophyllum coniseptum; C; [ the Dibunophyllum-turbinatun 

roup. 

(33) ‘ Alveolites depressa’; A; Vive. septosd, var. 

(47) ‘ Cainpophyllum Murchisoni’ ; C1; (no specimens are so labelled ; 
the ones that I have noticed are from 
Bed 44). 

Horizon e. 

(48) ‘ Spirifera rhomboidalis’ or ‘ convoluta’; C 2. 

(48) ‘ Cyrtina septosa’; © 2. 

(48) ‘ Producta Martini’; O02; \ probably Productus aff. scabri- 

(48) ‘ Producta longispinosa’; C 2; culus. 

The following corrections of my own observations seem to be the only ones 
that can be reliably deduced from Stoddart’s paper, and from the fossils in 
his collection which are adequately horizoned :— 

I. The following brachiopods probably occur in the Modiola-Zone below 

Horizon a:— 
(4) Lingula sp.; (Discina) sp.; Orthotetes crenistria ; Chonetes cf. 
hardrensis; (2 & 4) Spirifer sp. or Syringothyris sp. 

II. Productus bassus may extend nearly up to Horizon f. 

(A specimen in the collection is labelled ‘ Below the Black Rock.’) 

III. Michelinia possibly extends up into the Seminzla-Zone (S, subzone). 


(6) Introduction to the Sodbury Carboniferous 
Limestone. 


Chipping Sodbury lies about 11 miles in a direct line east 30° 
north of the Clifton Suspension-Bridge.’ 

The exposures trom which the following account has been derived 
are .-— 

_ (1) The railway-cutting on the new South-Wales Direct Line. 
(2) The two large town-quarries at the west of the town, north of the 
Bristol road. 

1 The Suspension-Bridge is chosen as the point from which all distances in 
this account of the Bristol area are measured, because it spans part of the Avon 
section. The rocks upon which it rests belong to the upper part of the Seminala- 
Zone, in the repetition of that zone caused by the Great Fault. 
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The railway lies nearly half a mile south of the town; 1t cuts 
2500 feet (measured horizontally) of Carboniferous-Limestone rocks 
which dip almost due westward at an average angle of 44°. The 
cutting exhibits a complete sequence, from the top of the Old Red 
Sandstone up to the lowest part of the 0¢-subzone, but ends before 
the Lonsdalia-Subzone is reached. 

In a new cutting, made through hard rocks entirely by blasting, 
the utmost care has to be exercised that all the fossils recorded have 
been found absolutely 72 sttu. Loose material must be entirely dis- 
regarded, since it may have been brought from any distance, dropped 
from the trucks, and have reached its final position as the result of 
subsequent blasting-operations. On the other hand, the loose material 
in a quarry may, with more safety, be assumed to have been derived 
from the beds exposed in the quarry. 

It is also to be remembered that. since a fresh cutting shows no 
weathered surfaces, any fossils, but especially corals, are apt to 
escape notice which, in the disused part of a quarry, immediately 
arrest the attention. 

For these reasons the failure to record any particular species in 
the Sodbury cutting cannot be considered to prove more than its 
non-abundance. For example, no Clisiophylid was recorded in 
the cutting from the whole of the Semznula-Zone, whereas several 
specimens from this zone were detected in the first quarry. 


SODBURY. 
Tournaisian. 


Modiola-Zone (M). 

Lithological character.—Shales, grits, and calcareous bands 
ending with a series of red limestones (Horizon a). 

Exposure.—The upper portion of the small Paleozoic pro- 
jection which is separated from the main Carboniferous Lime- 
stone elevation by a broad valley, deeply filled in with the 
Lower Jurassic strata. 

Fauna :— 
(1) From the beds below Horizon a. 


An ostracod is not uncommon (this is apparently the same as the 
common Avon species). 
Fragments of a lamellibranch (possibly Modiola). 


(2) From Horizon a. 
Rhabdomeson and fragments of crinoids are very abundant. 
Cliothyris Royssit. 
Correlation with the Avon section.—The few fossils 
recorded above are all abundant at the same levels in the Avon 
section. 


Cleistopora-Zone (K). 


Lithological character.—A well-marked ‘ Palate-Bed’ at 
the base, followed by a thick series of shales with subsidiary 
limestones. 
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Exposure.—the greater part of this zone lies at, or beneath, 
the level of the roadway, so that it can only be examined in 
the occasional bands of harder limestone or in the drainage- 
trenches at the foot of the slopes. The basal beds of the 
zone can, however, be more easily worked, since they form the 
western extremity of the small Paleozoic projection already 
mentioned. 

The zone may be considered to end at the base of the massive 
Limestone-series which commences at Kingrove-Farm Bridge.* 


Fauna.—tThe ‘ Palate-Bed’ is crowded with coprolites, and 
palatal teeth are abundant in it; similar teeth are found less 
frequently in the overlying beds, for a considerable distance. 


Corals: none found. 
Brachiopods: 
(1) bassus-subzone (K,). 


Eumetria (‘ Retzia’) aff. carbonaria. 

Camarotechia mitcheldeanensis. All extremely 
Leptena analoga. abundant. 
Orthotetes crenistria, especially mut. K,. 

Syringothyris aff. cuspidata, 

Spirifer aff. clathratus. 

Cliothyris Royssit. 

Chonetes cf. hardrensis. 


(2) octoplicata-subzone (K,). 


Spirifer aff. clathratus and its variety become common in the 
verv poor exposures near the top of the zone. 


Correlation with the Avon section.—All the above fossils 
occur at the same levels in the Avon section. No specimen of 
Clastopora, Spwiferina octoplicata, or Productus bassus has as yet 
been discovered at Sodbury. The failure to find the two first- 
named fossils is not a matter of surprise: (1) because of the 
practical absence of exposures in the upper part of the zone; and 
(2) on account of the difficulty of noticing either fossil except on 
weathered surfaces, which are necessarily rare in a new cutting. 


K,.—Though Productus bassus itself has not yet been met with 
at Sodbury, the subzone is well characterized by the great 
abundance of Camarotoechia mitcheldeanensis, Leptena, Or- 
thotetes, and Humetria; moreover, the particular forms of 
Syringothyris cuspidata and Orthotetes crenistria which occur 
in these basal beds are precisely those that are found at the 
same level in the Avon section. 

K,.—This subzone may be said to be practically unexposed in the 
Sodbury cutting, but the increasing abundance of Spirifer aff. 
clathratus has been mide out in its upper portion. 


1 This bridge crosses the railway-line, about 300 yards north of Kingrove 
Farm. 
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Zaphrentis-Zone (Z). 
Lithological character.—Massive limestones, usually very 
encrinital. 
Ex posure.—Massive limestones crowded with brachiopods, ex- 
tending some 450 feet westward from Kingrove-Farm Bridge. 
Fauna:— 


Corals: 
ZLaphrentis aff. Phillipsi. | Syringopora sp. 
Brachiopods: 
Cliothyris Royssti (mut.). Orthotetes crenistria (mut. Z). 
Cliothyris glabristria. Schizophoria resupinata. 
Spirifer aff. clathratus and variety. Productus cf. Martini. 


Chonetes cf. hardrensis. 
Chonetes papilionacea. 


Reticularia aff. lineata. 
Syringothyris aff. cuspidata. 
Leptena analoga. 


Subdivisions :— 
(1) Horizon fp. 
Since Zaphrentis has not been found below the resupinata- 
subzone, and no specimen of Spiriferina octoplicata has been 
met with in the section, this horizon at Sodbury has no 


characters other than those common to the whole clathratus- 
subzone, of which it forms the base. . 


(2) CLATHRATUS-subzone (Z,). 


This subzone is well characterized by the extreme abund- 
ance of Sprrifer aff. clathratus and its variety. 

Orthotetes crenistria, in the mutation characteristic of the 
Zaphrentis-Zone, is abundant. 

Leptena analoga and Chonetes cf. hardrensis are common. 

Cliothyris glabristria, Retrcularia aff. lineata, Clhothyris 
Royssi (mut.), and a Syringopora are not infrequent. 

Productus cf. Martini is only recorded doubtfully. 

(3) RESUPINATA-sSubzone (Z,). 

This subzone is well defined by the abundance of Clo- 
thyris glabristria and Schizophoria resupinata, as well as by 
the fact that in it Zuphrentis attains its maximum. 

Chonetes cf. hardrensis crowds the beds at the bottom of the 
subzone, while, at the top, Chonetes papilionacea is the 
predominant form and is equally prolific. 

Syringothyris aff. cuspidata occurs abundantly in the lower 
half of the subzone, and that mutation of Orthotetes which is 
characteristic of the Zaphientis-Zone is common throughout. 

Leptena and Productus cf. Martini (large form aff. Pr. semi- 
reticulatus) are met with not infrequently. 

Syrmgopora 8 has been noted at two levels. 


(4) Horizon y. 
This horizon is not defined with precision, since no specimen 
of Caninia has been found in association with Zaphrentis ; 
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if may, however, be fixed within very narrow limits, as 
embracing that portion of the zone in which Zaphrentis is still 
common, but Cliothyris glabristria becomes scarce ; the band of 
Chonetes papilionacea may thus be taken as occurring at the base. 


Correlation with the Avon section :— 
(1) Resemblances: 

In both sections :—The maximum of Spirifer aff. clathrautus 
is followed by that of Cliothyris glabristria, while Zaphrentis 
attains its maximum when Cl. glabristria becomes scarce. 

Schizophoriais abundant, and confined to the resupinata-subzone. 

Chonetes cf. hardrensis is predominant in the lower part of the 
Zone, but yields place to Chonetes papilionacea at the top. 

The same mutation of Orthotetes abounds throughout, and the 
same species of Syringopora is found. 

(2) Differences: 

No specimen of Zaphrentis has been found at Sodbury before 
the upper part of the resupinata-subzone, and no Caninia, Amplecxus, 
or Mochelinia has been discovered in any part of the Zaphrentis- 
Zone (though specially looked for). 

The presence of Zaphrentis in the lower part of the zone and of 
Amnplexus and Michelina at the top might, perhaps, have escaped 
notice, even if they occur in the same Tiunbers as in the Avon 
section ; but the failure to find a single Caninia at the top of the 
zone seems to point definitely to the conclusion that the incoming 
of this genus suffered a great retardation towards the north-east. 

(A point of some interest is the fact that in both the Avon 
and Sodbury sections there is, in this zone, a thick series of 
relatively-unfossiliferous beds which are characteristically inter- 
laced with veins and patches of calcite; this series occurs at the 
top of the clathratus-subzone at Sodbury, but is found in the 
middle of that subzone in the Avon section.) 


Caninia-Zone. 


This zone includes :-— 
C =The Syringothyris-Zone at the top of the Tournaisian ; 
and §,=The semzreticulatus-subzone at the base of the Viséan. 
These two subzones are conveniently considered together in this 
place, in order to emphasize the paleontological break between 
the Tournaisian and the Viséan in the northern part of the 
Bristol area, where that break is most evident. 


Lithological character :— 
((1) At the base relatively-unfossiliferous, massive, encri- 
nital limestones. 
C< (2) A band of oolitic limestone (unfossiliferous except 
for occasional fragments of crinoids). 
(3) A series of shales, including thick beds of dolomite 
and an occasional bed of oolite; ending in a 
5, prominent band of pure quartzose orit. 
(4) Massive fossiliferous limestones. 
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Exposure.—The middle part of that portion of the section 
which hes between Kingrove-Farm Bridge and Lilliput-Farm 
Bridge. 

Faunal character :— 

Top of the Tournaisian: C. 

Zaphrentis is not uncommon in the lower part of (1). 

Chonetes aff. papilionacea and Orthotetes crenistria, associated 
together, crowd certain bands near the top of (1), aud the 
last-mentioned fossil passes on into the base of (2). 

Syringothyris aff. lanunosa occurs in considerable numbers, 
just below (2). 


Base of the Viséan: §,. 

Seminula ficoidea and its variants enter about the middle of 
(3), and from that point become increasingly abundant. 

Productus 6(?)* occurs sparingly in (3). 

Both these fossils teem throughout (4). 

Canina cylindrica (var. bristolensis) and Lithostrotion Martini 
enter together at the top of (4), and are there extremely 
abundant. 

Syringopora cf. distans is common in the upper part of (4). 

The zone is considered to end where Caninia dies out. 
Correlation with the Avon section :— 

Resemblances: 

All the fossils which occur at Sodbury enter in precisely the 
same relative order as they do in the Avon section. 

In both sections :—After Zaphrentis has died out Syringothyris 
aff. laminosa becomes an important distinctive fossil, and certain 
beds are crowded with Orthotetes and Chonetes aff. papilionacea. 

Orthotetes ends its long predominance at the same level and, 
throughout the rest of the Carboniferous Limestone, plays an 
extremely-minor part. 

Seminula becomes abundant, before giganteid Producti and 
L[nthostrotion Martini are met with in any numbers. 

At the top of the zone Cuniua cylindrica var. bristolensis is as 
abundant at Sodbury as in the Avon section, and is similarly 
associated with crowds of Lithostrotion Martin, Productus 0 (?), 
and Seminula, as well as with the same species of Syr¢ngopora. 

Differences: 

Owing to the absence (or scarcity) of Cauninia at the base of the 
zone, the lower part of the Caninia-Zone (Syringothyris-Zone) 
appears to be entirely distinct from the upper part (semzreticulatus- 
subzone). In fact, at Sodbury, the paleontological facies of the 
Lower Carboniferous Limestone (which comprises the zones of 
Cleistopora, Zaphrentis, and Syringothyris) is so entirely distinct 
from that of the Seminula-Zone above, that it would seem 1mpos- 
sible to include the whole series in one system. 

The only genera which bridge the gap at Sodbury are Syringo- 
pora, Productus, and Orthotetes. The species of Syrngopora that 


"1 A field-determination, and possibly including Productus aff. hemisphericus, 
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oceur above are certainly not identical with those that are found 
below. 

Orthotetes, which is enormously prolific throughout the lower 
portion of the Carboniferous Limestone, becomes extremely rare 
(and distinct in form) in the upper. 

The Producti of the upper portion belong to the giganteid group, 
of which group no representatives have been found in the lower part 
at Sodbury. 

This sharp distinction of a lower system ia 
naisian) from an upper (Viséan) is at Sodbury a 
definite fact which cannot be overlooked. It is only 
by the study of the whole series in other parts of the Bristol 
area, where the transition becomes more gradual, that the com- 
plete distinction of an upper and a lower system is seen to break 
down. At Sodbury the occurrence of Caninia is an isolated 
phenomenon of the Lower Viséan; farther south and west, this 
genus is seen to be the result of direct evolution from Zaphrentis 
in the Upper Tournaisian. 

[The general resemblance of the lithological character of this 
zone in the two sections is striking :— 

The poorly-fossiliferous encrinital limestones at the base (top of 
the Lower Limestone), the band of oolite (eyuivalent to the Gully 
Oolite), the shales and dolomites (equivalent to the Middle Shales), 
and the massive limestone at the top (equivalent to the bottom of 
the Middle Limestone) are represented in the same order in the 
two sections, and the beds have similar textures. 

The differences are of less importance, and consist (1) in an 
inflation of the dolomite-bands at Sodbury: therefore, in that 
section, the Middle Shales would be more aptly termed ‘the 
Middle Dolomites’; and (2) in the occurrence of the highly- 
quartzose grit-band. | 


Viséan. 
Seminula-Zone (including 8; and §8,). 


S, has already been discussed under the Caninia-Zone, but 
is again included here for the reasons already given. 


Lithological character :— 


5 Shales, dolomites, and grits. 
A long series of massive limestones, containing thick oolitic 
( beds, are succeeded by a thick series of concretionary beds 
(‘mottled limestones’) with shale-partings. The mottled 
| limestones exhibit the peculiar character of Cotham 
S | Marble, and have a very similar concretionary surface ; 
\ Mr. A. Strahan? has pointed out their similarity to the 

| Mumbles-Head Beds. 

; Lhe uppermost part of the zone is composed of thick shales 

\ with several bands of grit. 


1 Mem. Geol. Surv. ‘Summary of Progress Report for 1902’ p. 193. 
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Exposures :— 
Ses (1) In the cutting on both sides of Lilliput-Farm 
pe Bridge 
ge. 
g J ) In the two quarries at the western end of the 
: town, north of the Bristol Road. 


Lhe first, or easternmost, of the two quarries exhibits the massive 
limestones, with a thick oolite-band at the top. 

The second affords a splendid section of the mottled-limestone 
series and of the shales and grits above. 


Faunal character :— 
Corals: 
Syringopora ef. distans. | Cyathophyllum Murchison (2).* 
Lithostrotion Martini & variants. Clisiophytlum 0. 
Brachiopods: 
Seminula ficoidea and its allies. | Productus ‘ giganteus.’ 


Productus @ (?). Chonetes papilionacea. 
Productus aff. Cora. 


Notes :— 

Caninia oceurs only at the top of §,, as already stated. 

Lithostrotion Martini starts at the top of 8,, reaches its 
maximum a little above the very top of that horizon, and 
greatly diminishes in numbers afterwards. 

Syringopora cf. distans is not uncommon throughout the same 
range. 

Clisiophyllum @ occurs in some numbers in the main oolite- 
band. 

Cyathophyllum Murchisoni (?) occurs rarely in the concretionary 
series, and in some of the limestone-bands included in the 
thick shales. 

Seminula ficoidea starts at the very base of S, (that is, in the 
middle of the dolomites) and remains extremely abundant 
right up to the top of the shales. 

Productus 0(?) occurs in 8, (the specific determination is 
doubtful). Productus aff. Cora (mut.) is common in §,, up 
to the concretionary beds. Productus ‘ giganteus’ attains a 
maximum just below the concretionary beds, and is also 
common in them. 

Chonetes papilionacea teems at two or three levels between the 
top of 8, and the bottom of the concretionary beds. 


Correlation with the Avon section.—The similarity of 
faunal distribution amounts almost to identity; the only difference 
seems to be the retardation at Sodbury of the entrance of Litho- 
strotion, which, there, first appears at the maximum of Caninia, 
whereas in the Avon section it enters a few beds below. 

In lithological character, the chief point of difference is the great 
inflation at Sodbury of the concretionary limestones and of the 
shales above them. 


1 This is a field-determination. 
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Dibunophyllum-Zone. 
6h-subzone (D,). 


Lithological character.—Massive limestones, to a large 
extent oolitic, containing a band of quartz-conglomerate with 
‘ veinstone-quartz’ pebbles. 


Exposures :— 
(1) The end of the Carboniferons-Limestone exposure in 
the cutting. 
(2) The uppermost beds of the second quarry. 
Notzs.—Only the lowest part of the subzone 09 is exposed at Sodbury; 


the higher part of that subzone and the whole of the Lonsdalia-Subzone 
are entirely unexposed. 


Faunal character :— 


Corals: 
Alveolites septosa. | Cyathophyllum Murchisont and va- 
Syringopora cf. distans. |  riants. 


Lithostrotion Martini (mutations | Clisiophyllids, including Clisiophy/- 
towards L. affine). | lum 0, Dibunophyllum @ and 4, 
Lithostrotion irregulare. | Koninckophylium @. 


Brachiopods: 
Productus ‘ giganteus, Orthotetes crenistria (mut. D). 
Productus henisphericus & vars. Seminula ficotdea. 

Chonetes aff. comoides. Athyris ef. expansa. 


Correlation with the Avon section.—The two sections are 
paleontologically identical, the same fossils occur in each and in 
the same relative abundance. 

Campophyllum aff. Murchisont which, in the Avon section, attains 
its maximum near the top of the @¢-subzone has, however, not been 
found at Sodbury. 


(c) Tue Fartanp Axrga (including Flax Bourton). 


Failand Inn lies 3 miles west 22° south of the Clifton Suspension- 
Bridge; it may be taken as the centre of the area. Just 1200 yards 
west of the Inn, measured along the Clevedon road, is a branch- 
road running northward to Portbury. After following this branch- 
road for 500 yards, exposures in the Carboniferous-Limestone 
Series begin to occur, and successively-lower beds are here and there 
exposed until, near Millpond Farm (some 1200 yards from the 
commencement of the road), the uppermost beds of the Old Red Sand- 
stone are reached. This somewhat-discontinuous section includes 
almost the whole of the Tournaisian division of the Carboniferous 
Limestone, and will be referred to in this paper as the Failand 
section. 

Turning back at Millpond Farm, we will retrace our steps towards 
the Clevedon road, so as to examine the beds in ascending order. 

The lowest beds in the section have to be made out from the 
low roadside-cuttings, in which the rocks are only partly and 
occasionally exposed; this portion of the section (some 350 yards 
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horizontally) includes the MModiola-Zone (with Horizon a well 
marked) and the greater part cf the Cleistopora-Zone (only the 
lowest portion of this zone being at the time of my visits at all 
satisfactorily exposed). 

Still proceeding southward, it was found that the sides of the 
road had, for the next 150 yards, been recently cut back, in such 
a manner as to afford a good section through Horizon 3 and the 
lower portion of the Zaphrentis-Zone. 

A short distance farther south is a quarry in work (the ‘ Horse- 
Race’ Quarry), which contains beds belonging to the upper part of 
the Zaphrentis-Zone. For the next 200 yards there are no 
exposures that can be easily examined; but, at the end of this 
distance, there are large quarries in the thick oolite-band which 
forms the middle portion of the Caninia-Zone. The remaining 
500 yards of the road, to its junction with the Clevedon road, is 
destitute of exposures. 

The thick band of oolite which forms the top part of the Failand 
section is the equivalent of the Gully Oolite in the Avon section, 
and, on account of its peculiar value for the manufacture of lime, 
this oolite is quarried at several points of the Failand area; it 
consequently serves as a very valuable horizon, from which to 
estimate the stratigraphical position of neighbouring exposures. 

Before, however, an isolated quarry in this oolite can be used 
as a datum-level, it 1s imperative that the oolite in the quarry 
should be definitely proved to be the oolite from the Caninia-Zone, 
and not the thick oolite-band which, throughout the Bristol area, 
forms the middle part of the Seminula-Zone. 

The following diagnostic characters completely distinguish these 
two oolitie bands :— | 

(i) The Cuntnria-Oolite. 

At the base, Orthotetes (in association with Chonetes papilionacea) is 
extremely abundant, and Syringothyris aff. laminosa is common. 


In the main part of the oolite fossils are uncommon, but Semznula, 
Lithostrotion, and Productus aff. Cora are never found. 
(ii) The Semanula-Oolite. 
This oolite is usually prolific in fossils, and Seminula, Lithostrotion, 
and Productus aff. Cora can always be found. 
Chonetes papilionacea is, at the base of this oolite, quite as abundant as 
it is beneath the Caninia-Oolite; but Orthotctes is extremely rare. 


Above the oolite of the Caninia-Zone occur the ‘ Bellerophon- 
Beds’ (Horizon 6), the most interesting paleontological horizon in 
the Failand area. These beds are well shown in two isolated 
quarries only; the stratigraphical position of these quarries can, 
however, be very accurately fixed by means of the Cuniia-Oolite 
which is worked near each of them. 

The first of these ‘ Bellerophon ’-quarries lies just behind Failand 
Inn, and about 100 yards south of the Clevedon road; its position 
is fixed by a shallow quarry, 350 yards west of Failand Inn, on the 
south side of the Clevedon road. The shallow quarry contains the 
lowest beds of an oolitic band, which is proved to belong to the 
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Canima-Zone by the abundance of Orthotetes (in association with 
Chonetes aff. papilionacea) and the occurrence of Syringothyris 
aff. lanwnosa, at its base. 

The strike in the ‘ Bellerophon ’-quarry and in the neighbouring 
Caninia-OQolite quarry is almost due east and west, while the dip 
in the former reaches 27°; by plotting these data on the 6-ineh 
map the ‘ Bellerophon-Beds’ are found to he about 150 feet 
normally above the base of the oolite. 

The second ‘ Bellerophon’-quarry les about 1000 yards west, 
very slightly south of the Failand-Inn quarry, in a direct line which 
almost exactly coincides with the strike at either quarry; the 
height of each quarry above sea-level is the same (450 feet). 

Hence the identity of the two beds in the two quarries, which is 
sufficiently clear from paleontological considerations, is confirmed 
stratigraphically, and the determination of the position of the 
beds in the one quarry fixes that of the beds in the other. It is, 
however, easy to fix the position of the second quarry by independent 
evidence. 

Wraxall Piece is a wooded patch bounded on the south-west by 
the Clevedon road ; on the west by a branch-road to Failand Farm; 
on the north by a grass-grown road running east and west; and 
on the south-east by the road to Clifton, which branches off from 
the main Clevedon road at a point about 1250 yards east of 
Failand Inn. The second ‘ Bellerophon’-quarry lies on the west side 
of the branch-road to Failand Farm, about 120 yards from its 
commencement in the Clevedon road. 

Some 375 yards along this branch-road, opposite the western 
end of the grass-grown ‘oad, is a small disused quarry 1n which 
Chonetes aff. papitionacea, Chonetes cf. hardrensis, Orthotetes, and 
Spirtfer were found in situ, while Zaphrentis sp. (ef. Canina) 
was picked up among the loose material. Hence, the beds in 
this exposure may be, most probably, regarded as not higher than 
Horizon y. 

About 100 yards from this point, along the grass-grown road 
north of the Piece, is a small quarry in the lowest beds of the oolite, 
which is proved to belong to the Camnia-Zone by the abundance 
of Orthotetes (in association with Chonetes aff. papilionacea) at its 
base. 

In the north-eastern corner of the Piece, by the side of the Clifton 
road, there is a large quarry in this oolite, but the lowest beds 
are very badly exposed, and the fossils are few and fragmentary, 
though Orthotetes was recognized. Therecan be no doubt that this 
is the same Caninia-Oolite, and that the beds here are a little 
higher than those in the quarry just described. 

The strike both in the second ‘ Bellerophon ’-quarry and in the 
small oolite-quarry north of the Piece is almost due east and west, 
and the dip is nearly 20°. Plotting these data on the map, the 
‘ Bellerophon ’-Beds are again found to lie about 150 feet above 
the base of the Caninia-Oolite. 

The chief interest of these beds is, consequently, that ae are the 
Q.J.G.8. No. 242. 
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fossiliferous equivalent of part of the unproductive Middle Shales 
and Dolomites of the Avon section. 
Quarries in the Seminala-Zone :— 


(1) At the corner where the Clifton road branches off, immediately 
west of Longwood House, is a small quarry containing 
Seminula in abundance and traces of Productus, but no 
Lithostrotion. This quarry lies due south of the small oolite- 
quarry north of Wraxall Piece, and the strike is again 
almost due east and west. 

Calculation from the map proves that the beds here are 
about 350 feet normally above the base of the Canina- 
Oolite; hence, assuming the general thickness of the Caninia- 
Series to be the same here as in the Avon section, this 
quarry should represent the very lowest beds of the. Great 
Quarry. 

(2) The large lime-quarry in the Seminula-Oolite lies 900 yards 
east of Longwood House, at the side of the Clevedon road ; 
a rough calculation from the map makes the beds in this 
quarry about 300 feet normally above those of the last 
quarry, and this accords well with the position of similar 
beds in the Avon section. 


The other exposures mentioned below can only be referred to 
their correct stratigraphical position by the fossils found in them, 
since they lie isolated in those parts of the area where both strike 
and dip undergo rapid variation. Consequently, the results deduced 
from such exposures do not help to determine the zonal sequence, 
except in so far as they 1 the constant co-occurrence 
of the same forms. 


Detailed Description of Zones. 
Tournaisian. 
Modiola-Zone (M). 


Lithological character.—Shales with thin limestones, capped 
by a thicker band of red limestones (Horizon a). 

Exposure.—TIn the Failand section, near Millpond Farm. 

Fauna.—aAn ostracod (? Leperditia), identical apparently with 
the one which is very common in the Avon section, is 
extremely abundant in one of the limestone-beds below 
Horizon a. 

At Horizon a the red limestone is crowded with crinoidal 

débris. Fhabdomeson is abundant, and palatal teeth are not 
uncommon. 





Cleistopora-Zone (K) and Horizon B. 


Lithological character.—Shales with beds of limestone, 
the limestone predominating at the top. 
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Exposures :— 


(1) In the Failand section (above Horizon a up to, and 
including, the lower portion of the roadside-cutting west 
of the Horse-Race Quarry). 

(2) Roadside quarry near Failand-Hill House (Horizon £). 

Faunal character :— 


(i) Of the bassus-subzone (K,). 


_ All the fossils here mentioned were collected from the lowest 
part of the Failand section. 
Syringothyris aff. cuspidata. 
Leptena analoga. 
Orthotetes crenistria (mut. K,). 


Chonetes ef. Buchiana. 
Chonetes cf. crassistria. 
Productus bassus. 





(i1) Of the octoplicata-subzone (K,) and Horizon £6. 


The fossils here mentioned were collected only from the top of 
the zone in the Failand section, and in the quarry near Failand- 


Hill House. 


Cliothyris Royssit (mut. 6). LRhipidomella aff. Michelini.' 
Spirifer aff. clathratus, in gradually- | Productus ef. Martini. 

increasing numbers. Chonetes cf. Buchiana. 
Syringothyris aff. cuspidata. | Chonetes cf. crassistria (very 
Camarotechia nitcheldeanensis. abundant). 


Leptena analoga. Chonetes ef. hardrensis. 
Orthotetes crenistria. 


Zaphrentis-Zone (Z). 


Lithological character. — Massive encrinital limestones 
which are thinner towards the bottom, where thin shales are 
intercalated among them. 


i. Clathratus-subzone (Z,). 
Exposures :— 


(1) In the Failand section (the upper part of the roadside- 
cutting west of the Horse-Race). 

(2) Small exposures near Failand-Hill House. 

(3) A small quarry at the northern end of Fifty-Acre 
Plantation (east of the golf-links). 


Fauna :— 
Zaphrentis aff. Philiipst. | Leptena analoga. 
Cliothyris Royssu (mut. ). | Orthotetes crenistria (mut. Z). 
Spirifer aff. clathratus and var. Rhipidomeila aft. Michelint. 
in great abundance. Chonetes cf. crassisiria (rare). 
Syringothyris aff. cuspidata, Chonetes cf. hardrensis. 


ii. Resupinata-subzone (including the lowest part of 
Horizon ¥). 


Exposure. — The ‘Horse- Race Quarry’ in the Failand 
section. 


1 Only found in the quarry near Failand-Hill ou, 
Q 
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Fauna :— 
Zaphrentis aff. cornucopie (very Syringothyris aff. laminosa. 

abundant). Cliothyris glabristria (abundant). 
Zaphrentis aff. Phillipsi, Reticularia aff. lineata. 
Caninia aff. cylindrica (at the top of Leptena analoga. 

the quarry, that is, in Horizon y). Orthotetes crenistria (cf. var. Kelliz) 
Syringopora 0. Schizophoria resupinata (abundant). 
Spirifer aff. clathratus(not uncommon | Lhipidomella aff. Michelini. 

at the base, rare at the top). Productus aff. Cora (mut. Z). 
Syringothyris aff. cuspidata. Productus aff. pustulosus. 


The fossils of this subzone in the Failand area bear a remark- 
able resemblance both in forms and relative abundance to those 
at the same horizon in the Clevedon area (see pp. 225 et seqq.). 


Comparison with the Avon section.—Up to the top of 
the Zaphrentis-Zone, the differences in the faunas of the two 
sections are too slight for special notice. 


Syringothyris-Zone (C). 
In ascending order the sequence is :— 


(1) Limestone with Caninia and Zaphrentis. 

(2) Limestone and shales poorly exposed, containing Orthotetes, 
Chonetes, and an occasional Zaphrentis (cf. Caninia). 

(3) Oolitic limestone (the Canina-Oolite), practically un- 
fossiliferous, resting upon a band in which Orthotetes and 
Chonetes aff. papilionacea teem, while Syringothyris aff. 
laminosa is not uncommon, 

(4) Thin shales and dolomitic limestones, poorly exposed. 

(5) The ‘ Bellerophon-Beds ’ (chiefly composed of massive 
fossiliferous oolite). 


Exposures :-— 


(1) Forms the top of the Horse-Race Quarry in the Failand 
section. 

The upper part of (2) can be seen in the small quarry already 
described, which les opposite the north-western corner of 
Wraxall Piece. 

(3) Comprises (a) the oolite-quarries at the top of the 
Failand section ; (>) the shallow quarry west of Failand 
Inn; (¢) the small quarry north of Wraxall Piece; and 
(d) the large quarry in the north-eastern corner of 
Wraxall Piece. 

(4) Can be made out very imperfectly, along the side of the 
field-path leading from Failand Inn to the first Bellerophon- 

uarry. 

(5) The first and second Bellerophon-quarries already de- 
scribed, and a disused quarry about 300 yards east of 
Failand Inn. The last-mentioned quarry lies a little 
north of the line j joining the first and second Bellerophon- 
quarries, owing to the rise in the ground between those 
two quarries. 
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Faunal character.—The beds composing (1), (2), (3), and (4) 
have already been sufficiently discussed; their fossils agree 
precisely with those found at the same levels in other parts of 
the Bristol area. 

The Bellerophon-Beds (5) are of great interest: firstly, 
because they occur at a horizon which is unfossiliferous in 
the Avon and Sodbury sections ; and secondly, because they 
contain certain transitional forms between Cyathophyllum and 
Caninia. The fossils found in these beds are 


Orthotetes crenistria (niut.). ‘ Chetetes’ tumidus (a bryozoan). 
Syringothyris cuspidata, Bellerophon sp. (cf. costatus). 
Syringothyris aff. laminosa. Euomphalus sp. 
Cyathophylhuin ¢. 

and at the top— 


Seminula aff. ambigua. Productus sp. (cf. Productus 6). 
Seminula aff. ficoidea. 


For convenience of reference, I have adopted the title ‘ Bellerophon- 
Beds,’ since Bellerophon is extremely abundant in certain of the 
beds.  Cyathophyllum @ is also very abundant, and in chance- 
sections is easily mistaken for Cyathophyllum Murchison, a coral 
which, in the Bristol area, is only common in the Dibunophyllum- 
Zone. 

The abundance of this Cyathophyllum, combined with the fact 
that specimens of Seminula and of a giganteid Productus can be 
picked up on the stone-heaps in the quarries, at first led me to 
believe that I was dealing with beds near the top of the Car- 
boniferous-Limestone Series. But when I found that Orthotetes 
occurred in large numbers, and that the characteristic Syringo- 
thyris aff. lamimosa as well as Syringothyris cuspidata were to be 
frequently met with, it became evident that my first view was 
incorrect. A very careful examination of the beds in place showed 
that the Productus was only to be found in the very topmost beds, 
and that Seminula was practically confined to the upper part of the 
quarry, whereas Syringothyris aff. laminosa occurred near the base. 

I had also found the same beds in a quarry near West Ticken- 
ham (see ‘Isolated Exposures’ p. 231), and a vertical section of the 
Cyathophyllum seen in sitw revealed the fact that the Failand 
Cyathophyllum is very different from Cyathophyllum Murchison 
(the former shows as marked a relationship to Caninia as the latter 
does to the Clisiophyllids). This view has been confirmed by the 
sections which I have had cut from specimens of Cyathophyllum o 
collected in the Failand quarries. Hence, on paleontological 
grounds, the Bellerophon-Beds must be assigned to the top of the 
Syringothyris-Zone, immediately below the base of the Seminula- 
Zone (that is, immediately below §,). 

[It will be pointed out in the general summary that, if the 
Carboniferous Limestone is to be divided into two great systems, a 
lower (or Tournaisian) and an upper (or Viséan), the line of 
separation must be drawn at the top of the Bellerophon-Beds. ] 
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The manner in which the same position for these beds has been 
fixed by stratigraphical reasoning has already been sufficiently 
described. 


Comparison of the Syringothyris-Zone in the Failand 
area with other sections.—It has been sufficiently emphasized 
that, with the exception of the Bellerophon-Beds, there is a complete 
similarity, both lithological and paleontological, between the Failand 
and Avon development of this zone, but that the Belleiophon-Beds 
of the Failand area are represented in the Avon section by unfos- 
siliferous shales and dolomites, 

The fact that the Bellerophon-Beds are found in a precisely-similar 
development in the Clevedon area (near Tickenham) illustrates once 
more the essential similarity of that area with the Failand area. 


Viséan. — | 
Seminula-u. > (S,; & 83). 
Exposures: | 
(1) Thinly-bedded limestones, immediately above the Bel- 
lerophon-Beds in the first and second quarries, 
Z (2) I Massive limestones, in the small quarry west of Long- 
wood House. 


g { (3) Massive limestones, with a thick band of oolite, east of 
: Longwood House. 


K 


Of these: 

(1) and (2) contain Seminula ficoidea and Productus 6 (?), 
while Zithostrotion is rare or absent. Hence these exposures 
may be assigned to the base of the Seminula-Zone. 

(3) contains Productusaff. Cora (mut. 8,), Lithostrotion Martini, 
and Seminula ficoidea in abundance. Hence (3) may be 
assigned to the middle of the Seminula-Zone. 


Comparison with the Avon section.—As already pointed 
out, from stratigraphical considerations (2) probably corresponds 
to the very lowest beds in the Great Quarry, and (8) to the thick 
oolitic band which occurs near the top of the same quarry, while 
(1) represents part of the Middle Shales and Dolomites. 

The absence of Caninia cylindrica var. bristolensis in the list of 
fossils from the lower part of this zone in the Failand area is 
probably due entirely to the fact that the horizon at which that 
fossil is abundant in the Avon section is here unexposed. 


Dibunophylium-Zone. 
i. 0p-subzone (D,). 
Lithological character.—Massive limestones, with shales 
and some rubbly limestones. 


Exposure.—Two quarries near Flax-Bourton Station (nearly 
14 miles south, slightly east, of Failand Inn). 
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Fauna :— 
Alveolites septosa. 7 { Dibunophytlium 6 
Syringopora cf. geniculata. Clisiophyllids and D. ¢. 
Lithostrotion Martini (cf. L. affine). | Clisiophyllum @. 
Cyathophyllum Murchisoni and | Productus ‘ giganteus.’ 

variants. Productus hemisphericus. 
Koninckophyllid Cyathophylium. Chonetes aif. comoides. 
Campophyllum aff. Murchisoni. Cyrting carbonaria (mut.). 


Campophyllum sp. 


Comparison with other areas.—The general resemblance, 
as indicated by the above list of fossils and their relative abundance, 
amounts almost to identity; in fact, the Flax-Bourton quarries 
afford the best collecting-ground in the whole district for fossils of 
this subzone. | | 


ii. Lonsdalia-Subzone (12) is unexposed. 


(d) Tue TyrHerine ton Srcrtion. 


Introduction.—tTytherington lies about 11 miles north 30° east 
of the Clifton Suspension-Bridge, and about £4 miles north 35° west 
of Chipping Sodbury. 

The Carboniferous Limestone (Lower or Tournaisian Division 
only) is now imperfectly exposed, in the cutting on the branch-line 
from Yate to Thornbury, between Grovesend and Tytherington; and 
a slightly-higher portion of the series (bottom-beds of the Upper 
or Viséan Division) can be examined in the limestone-quarries at 
Tytherington. | 

Prof. Lloyd Morgan‘! has given so excellent an account of the 
general geology of the district, and has illustrated his description by 
so good a map, that I can proceed without further introduction to 
the detailed paleontology of the section. 


Details of the Grovesend-Tytherington Section. 


Tournaisian. 
Modiola-Zone (M). 


Lithological character.—Shales and thin calcareous bands, 
capped by red limestone (Horizon a). 


I.xposure.—Entirely unexposed at the time of my visit, and so 
the beds could only be examined by uvearthing them here and 
there. Prof. Lloyd Morgan estimates the shales and calcareous 
beds, below Horizon a and above the Old Red Sandstone, at a 
little over 200 feet horizontal (which is equivalent to about 
100 feet normal thickness). He records no fossils. 


1 <The Geology of Tytherington & Grovesend’ Proc. Bristol Nat. Soc. n. 8. 
vol. vi (1888-91) p. 1. The Rev. H. H. Winwood has also contributed a paper 
on this cutting to the Cotteswold Naturalists’ Field-Club, vol. ix (1888) p. 329, 
which is accompanied by a good section and explanatory diagrauis. 
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Horizon a. 


Prof. Lloyd Morgan found the ‘ Bryozoa-Bed,’ and I have 
verified its position. It contains Rhkabdomeson and crinoid- 
debris, as in the Avon section. 


Cleistopora-Zone. 


Lithology.—Shales and thin limestones. 


Exposure.—The lower portion of the zone is entirely over- 
grown ; the upper portion is partly, but very unsatisfactorily, 
exposed in a low cutting at the side of the railway-line. 

Fauna :— 

In the lower portion (K,) I have unearthed fragments. 
containing Orthotetes and small Chonetes cf. hardrensis. 
ic the upper portion, octoplicata-subzone (K,) :— 
Oriwictetes, Leptena, Spirrfer aff. clathratus, and Syringothyris 
aff. cuspi?ata are very common. 
Productus cf. Maric teems in certain beds near the top of 
the zone. Cleistopora aff. geometrica also is abundant near 
the top of the zone. 


Zaphrentis-Zone (Z). 


i. clathratus-subzone (Z,). 


Lithological character.—Somewhat shaly limestones. 
Exposure.—Not well exposed, except near the top. 
Fauna :— 
Spirifer aff. clathratus and var., and Orthotetes crenistria 
(mut. Z) occur in enormous numbers. 
Cliothyris Royssa (mut. 6) and Camarotechia mtchel- 
deanensis occur occasionally. 
Chiothyris glabristria, Schizophoria resupinata, Rhipridomella 
aff. Michelini, and Zaphrentis aff. Phillipsi are frequently 
met with at the top of the subzone. 


ll, resupinata-subzone (Z,). 


Lithological character.—Limestones. 


Exposure.—LExcellently exposed in a quarry at the side of 
the railway-line. 


Fauna :— 
(1) Extremely abundant : 
Zaphrentis aff. cornucopia. |  WSchizophoria resupinata. 
Zaphrentis aff. Phillipsi. | — Syringothyris aff. cuspidata. 


Orthotetes crenistria (mut. Z). | Chonetes cf. hardrensis. 
Cliothyris glabristria. 


(2) Scarce : 
Spirifer aff, clathratus and Rhipidomella aff. Michelini. 
(3) Syringothyris aff. laminosa is abundant at certain levels. 
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Syringothyris-Zoune (C). 
Sequence in ascending order :— 

(1) Thick encrinital, dolomitic limestones, comparatively 
unfossiliferous. 

(2) A very fossiliferous encrinital band (the ‘sub-Oolite ’). 
This band is non-oolitic in the lower portion, but oolitic 
in the upper. 

(3) A band of pure oolite (the ‘ Caninia-Oolite ’). 

(4) Thick dolomites, with subsidiary shales ; unfossiliferous. 


Exposures :— 


(1) is well exposed on each side of the cutting. 

(2) can be excellently worked in the lower portion of the 
oolite-quarry, west of the tunnel. 

(3) forms the upper part of this quarry, and also extends on 
each side of the cutting as far as the western mouth of 
the tunnel. 

(4) forms the sides and roof of the tunnel, and extends from 
the eastern mouth of the tunnel to near the end of the 
cutting. 

Fauna:— 
Corals: 
Zaphrentis afi. Phillipsi occurs sparingly in (1) and in the 
lower part of (2); a single specimen has been found in 
the upper part of (2). 
Caninia: one specimen only was found, namely, in the 
lower part of (2). 


Brachiopods: 


Chonetes cf. hardrensis is extremely abundant in the lower 
part of (2), and is also met within (1). This species is, 
as we ascend, gradually replaced by Chonetes aff. papi- 
hionacea, which teems in the upper part of (2). 

Spwifer aff. clathratus and Rhipidomella aff. Michelini are 
found infrequently in the lower part of (2). 

Orthotetes crenistria (cf. var. Kellit) occurs abundantly in the 
upper part of (2), in association with Chonetes aff. papilio- 
nacea and an occasional specimen of Syringothyris aff. 
laminosa. It extends on into (3). 

Productus aff. semireticulatus occurs rarely in the upper part 
of (2). 

Euomphalus occurs in considerable numbers in the upper 
part of (2) and in (38). 
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Viséan. 
Seminula-Zone (S). 
Semireticulatus-subzone (8}). 


Lithological character :— 


(1) Thick dolomites, with subsidiary shales (unfossiliferous), 
succeeded by 
(2) Massive limestones containing, at the top, two beds of 
highly-quartzose sandstone (‘ Firestone’). 

Exposure: 

Kast of the tunnel, the upper part of the dolomites and 

shales is buried beneath a thick deposit of Dolomitie 

Conglomerate. The massive limestone forms the end of 

the cutting, and is well exposed in the large quarry which 
immediately follows on the side of the railway-line. 


The stratigraphical relation of (1) and (2).—In the 
paper already referred to, Prof. Lloyd Morgan expresses the opinion 
that the continuity of the beds is broken between (1) and (2) by a 
reversed fault." 

Towards the end of the cutting the lowest beds of (2) certainly 
overlie the Dolomitic Conglomerate; and Prof. Lloyd Morgan 
explains this fact as due to a reversed fault by which 
‘the beds of Mountain Limestone have been thrust up, along their dip- 
faces, over basement-beds of the Trias.’ (Op, cit. p. 6.) 

Of the correctness of this explanation I have considerable doubt, 
for the following reasons :— 

The lowest beds of (2) will be shown by paleontological evidence 
to belong to that portion of the Seminula-Zone which immediately 
succeeds the shales and dolomites in the Avon section. 

Again, by calculating, from dip and distance, the position of the 
beds (2) at Tytherington above the base of the ‘ Caninia-Oolite ’ 
exposed in the quarry west of the tunnel, and by comparing it with 
their position in the Avon section, it is seen that these beds actually 
occur very approximately in the position which they should occupy 
if the series were continuous. This conclusion merely proves that, 
if there be a fault, it can have no appreciable throw; but, seeing 
that a fault in which the fault-plane is coincident with the bedding- 
plane could have no throw, it does not disprove the existence of 
such a fault as Prof. Lloyd Morgan suggests. 

At the end of the Carboniferous-Limestone section at Sodbury, 
however, where the limestone comes into contact with Dolomitic 
Conglomerate, there is a similar instance of limestone-beds over- 
lying a mass of Dolomitic Conglomerate, except that here the 
Conglomerate can be clearly seen to rest upon the limestone-floor 
and to fill in a recess in the limestone-cliff. 

The Tytherington phenomenon seems to me to be a similar case, 
and to be even easier of interpretation, for the shaly beds (1), just 





1 Proc. Bristol Nat. Soc. n.s. vol. vi (1888-91) p. 15. 
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below the massive limestone (2), would have been easily eaten 
back at the base of the ancient cliff, leaving an overhanging wall 
formed by the lowest beds of (2). The subsequent infilling of this 
recess by Dolomitic Conglomerate would exactly produce the 
phenomenon described. 


Fauna :— 
Productus aff. Coramut. C, Pr.0, | Lithostrotion Martini & varieties. 
and Pr. aff. semireticulalus. Caninia sp. 
Seminula ficoidea and allied |  Syringothyris aff. laminosa (2). 
forms. | 


Norrs.—Jithostrotion is rare at the base, but becomes very abundant at 
the top. Caninta was determined from rather unsatisfactory sections 
seen in situ just below the beds of sandstone. Syringothyris aff. lani- 
nosa () is merely a suggested correction of ‘ Spirifera octoplicata,’ 
which is recorded by the Rev. H. H. Winwood from the lower sand- 
stone-bed. 

The presence of Productus aff. semireticulatus and of Caninia, 
the rarity of Lithostrotion in the lowest beds and its increasing 
abundance above, together with the presence of a Spiriferid of the 
laminosa-type, seem to me to afford sufficient evidence for assigning 
these beds to §,. 


Upper Seminula-Zone (S,). 


The upper part of the large quarry may be referred with the 
greatest probability to the middle of the Semznula-Zone. As 1s 
usual in other sections at this level, there is a thick band of 
fossiliferous oolite. 
Fauna:— 

Seminula ficoidea and allied forms. | Lithostrotion Martini. 

Productus aif. Cora. | Syringopora sp. 

Productus aff. hemisphericus. | Clisiophyllid (rare). 

Chonetes paptlionacea. | 

The quarry north of the railway, near the station, contains the 
same fossils, and is also undoubtedly in the Seminula-Zone. 


Comparison of the Tytherington Section with those 
of the Avon, Sodbury, and Failand. 


I. Characters common to all four sections. 

(1) The fauna of Horizon a (the ‘ Bryozoa-Bed’) is iden- 
tical. 

(2) Orthotetes crenistria (in its mutations) is predominant 
throughout the Tournaisian, but becomes extremely 
scarce in higher beds. 

(3) Spirifer aff, eer. reaches its maximum (at which 
point it is enormously abundant) and declines, before 
Cliothyris glabristria and Schizophoria resupirata 
attain their maxima. 

(4) Schiz ophoria resupinata and Cliothyrs glabr istria reach 
a maximum together, and both are very abundant at 
this point. 
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(5) Zaphrentis attains its maximum at, or a little above, 
the maximum of Chothyris glabristria. 

(6) Chonetes cf. hardrensis yields its predominance to Chonetes 
papilionacea from the lower part of the Syringothyris- 
Zone onwards. 

(7) Syringothyris aff. lamimosa enters in the resupiata- 
subzone, and is specially Soe ee of the Syringo- 
thyris- Zone. 

(3) Syringothyris cuspidata, in its large and most charac- 
teristic form, attains a maximum at the top of the 
resupinata-subzone. 

(9) Lnthostrotion is, at first, scarce at the base of the Semz- 
nula-Zone (that is, in the lower part of §,). 

(19) Productus 0 is the commonest representative of the genus 
in the lower part of the Seminula-Zone. 


Il. Characters shared by the Sodbury, Avon, and Tytherington 


sections. 


(1) Canima cylindrica var. bristolensis is characteristic of 
the top of 8.. 

(2) Lnthostrotion Martini increases from scarcity to extreme 
abundance as we ascend through S.. 


Iif. Characters shared by the Avon, Failand, and Tytherington 
sections.” 


Cleistopora aff. geometrica attains its maximum in the 
upper part of the Cleistopora-Zone. 


IV. Characters common to the Sodbury and Tytherington sections. 


Caninia is scarce or absent immediately above the sesu- 


pinata-subzone, and so Horizon y cannot be distin- 
guished, 


V. Characters common to the Avon and Tytherington sections. 


A Spiriferid of the laminosa-type is characteristic of the 
top of 8,. 


Vj. Characters of especial interest in the Tytherington section. 


(1) Schizophoria resupinata is more frequently met with at 
the top of the clathratus-subzone than appears to be 
the case in any of the other sections. 

(2) Zaphrentis and Caninia occur in the ‘ sub-Oolite’ (com- 
pare a similar occurrence at Failand and Southmead), 

(3) Chonetes ef. hardrensis is abundant in the lower part of 
the ‘sub-Oolite. (The species occurs on the same 
horizon at Failand and Southmead.) 

(+) Rhipidomella aff. Michelint and Spirifer aff. clathratus 
have been found, though very sparingly, as high up as 
the bottom of the ‘ sub-Oolite.’ 


1 §, is very incompletely exposed at Failand. 


> Unobserved at Sodbury, probably on account of the poorness of the 
exposure. See p. 205. 
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As might have been anticipated from its geographical position, 
the section at Tytherington is most closely related to that at 
Sodbury, both paleeontologically and lithologically. 

The scarcity of Caninia just above the resupinata-subzone, where 
it is so abundant in the southern part of the Bristol area, is a 
feature common to both sections, while the relative abundance of 
the brachiopods is almost identical in the two sections, 

Again, the increase in the predominance of dolomites over shales 
in the middle of the Carboniferous-Limestone Series which was 
noticed in the Sodbury section is, at Tytherington, a very striking 
feature. So massive do these dolomites become in this section 
that the tunnel has been bored through them, and left unbricked. 

A minor feature of some interest is the occurrence of beds of 
highly-quartzose sandstone, both at Sodbury and at Tytherington, in 
the lower part of the Seminula-Zone; at Sodbury these sandstones 
occur at the base of 8,, while at Tytherington they occur near the 
top of that subzone. 


(e) THe CLevepon AREA. 


Clevedon lies 107 miles west, slightly south, of Clifton Suspension- 
Bridge, on the south side of the Severn estuary. 


Tournaisian. 
Exposures and lithological character :— 


I. The sequence, as exposed in ascending order along the coast, 
from north-east to south-west. 

(a) The Cletstopora-Zone, composed of shales and subsidiary 
limestones, is exposed on the foreshore between the pier 
and Clevedon Bay. 

(>) The clathratus-subzone (massive limestone) is excellently 
shown in the cliffs and on the foreshore, extending from 
Clevedon Bay to a little south of Littleharp Point. 

(¢) The +veswpinata-subzone forms the cliffs at Salthouse 
Point. 

(d) The uppermost beds of the Zaphrentis-Zone, including 
Horizon y, occur near the Pill, where specimens of 
Zaphrentis and Caninia, washed out of the cliffs, can be 
picked up in hundreds. 


II. The sequence, as exposed in ascending order along the path on 
Strawberry Hill, the Carboniferous ridge which lies about 
three quarters of a mile east of the beach, west of the road 
from Clevedon to Portishead. Starting at the north of the 
hill, where the Pennant Grit rests upon the Carboniferous 
Limestone, and proceeding southward, the zones enumerated 
below are met with in the following order ;— 


(t) The uppermost beds of the clathratus-subzone. 

(6) The resupinata-subzone, chiefly characterized by the pre- 
dominance of Zaphrentis aff. Phillipsi (the subzonal index 
being scarce). 
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(c) The uppermost beds of the 4aphrentis-Zone, including 
Horizon y. These beds are well seen in a quarry east 
of the Fir Wood, and here Zaphrentis and Caninia 
occur together in great abundance. 

(d) The lowest part of the Jaminosa-subzone, This is repre- 
sented by a few beds at the very top of the quarry just 
mentioned. These beds are pale yellow and highly 
dolomitic ; they are friable and soft, and do not readily 
effervesce in acid; they contain few fossils beyond 
fragments of crinoids, and will be referred to as the 
* laminosa-dolomites.’ 


III. Exposures in Horizon y and the lowest beds of the laminosa- 
subzone. 

There are five such exposures, which lie (after making correc- 
tions for differences of contour) upon a line of strike running 
west 25° south; the distance between the quarries at the two 
ends of the line is about 14 miles. They are, tracked from 
east-north-east to west-south-west :— 


(1) An exposure on the west side of the Portishead road, cut 
into the base of Strawberry Hill under the path already 
followed. 

(2) The quarry, already described, east of the Fir Wood on 
Strawberry Hill :—Upper resupinata-subzone, Horizon y, 
and the bottom of the ‘ laminosa-dolomites.’ 

(3) A roadside exposure on the north side of High-Dale 
Avenue :—Upper part of Horizon y and a long series of 
the ‘laminosa-dolomites,’ which here contain bands of 
Chonetes and Orthotetes at frequent intervals, 

(4) Hangstone Quarry (at the foot of Hangstone Hill) :— 
‘ Laminosa-dolomites ’ with bands of the same fossils ex- 
posed on the dip-slopes. 

(5) A quarry near the Old Church, south of Salthouse :— 
Upper resupinata-subzone and Horizon y as well as the 
lowest part of the ‘ daminosa-dolomites.’ 


IV. Exposures on Court Hill, east of the Portishead road, facing 
Strawberry Hill on the west. 

On the crest of the hill Pennant Grit (worked in the large 
Conygar Quarries) comes into contact with the Carboniferous 
Limestone. 

Tracking the beds southward down the slope of the hill (at 
the foot of which lies All Saints’ Church), and then proceeding 
along the road to Court Farm, the following zones are met 
with :— 

(a) The resuprnata-subzone, well displayed on the slope 

wherever the rocks are uncovered. 

(6) Horizon y and the ‘ lamztnosa-dolomites ’ are concealed. 

(c) The Caninia-Oolite occurs behind Court Farm. 

The sequence 1s identical with that on Strawberry Hill. 
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VY. The sequence at Walton Castle. This locality is a little more 
than three quarters of a mile due north of the quarry on 
Strawberry Hill, and can be reached by turning off the 
Portishead road along Holl Lane. 


(a) The upper part of the Cle?stopora-Zone and the lower beds 
of the clathratus-subzone are well exposed to the east of 
Castle Farm. 

(6) The resupinata-subzone 1s exposed at the top of Walton- 
Castle Hill and in a quarry near the western end of Holl 
Lane. 

(c) Horizon y and the ‘laminosa-dolomites’ are not exposed. 

(d) The Caninia-Oolite is splendidly exposed in the large lime- 


quarries on each side of Holl Lane, between the Castle 


and the Portishead road. 
Fauna’ :— 
Cleistopora-Zone. 

Cleistopora aff. geometrica has been found in Clevedon Bay 
(that is, in the upper part of the zone). There is a speci- 
men from this locality in the Natural History Museum, 
South Kensington. 

Spiriferina octoplicata is very common in the upper beds near 
Castle Farm. 

Clathratus-subzone. 


Spiefer aff. clathratus and var. occur in enormous abundance, 
and are associated with the same forms as elsewhere. 
Zaphrentis is extremely rare. 


Lower resupinata-subzone. 
Zaphrentis aft. Phillipsi is the dominant representative of the 
genus. 


Cliothyris glabristria is uncommon, although I have found it 
both on Strawberry Hill and Court Hill. 
Upper vesupinata-subzone and Horizon y. 
Syringopora 9 is a characteristic and easily-distinguished 
form. 
Zaphrentis att. cornucopic becomes the dominant species, but 
Z. aff. Phillipst is still common. 
Canima cylindrica and its mutations are abundant, and mark 
out Horizon y. 
Syringothyris aff. lamenosa and Michelinia occur somewhat 
frequently. 
Laminosa-subzone. 
Bands of Orthotetes and Chonetes aff. papilionacea are well seen in 
the ‘ aminosa-dolomites,’ especially in Hangstone Quarry. 
The Caninia-Oolite contains the usual fossiliferous basal beds, 
in which Orthotetes and Chonetes are abundant. 


1 Reference is made here only to points of especial interest. 
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The most interesting points in the Clevedon develop- 
ment are as follows:— 


(1) The great abundance of Zaphrentis in the resupinata-subzone 
and the strong demarcation of Horizon y by the abundance of 
Caninia cylindrica. 

(2) The dominance of Zaphreniis aff. Phillipst in the lower part 
of the resupinata-subzone, and of Zaphrentis aff. cornucopice in the 
upper. 

(3) The occurrence at Horizon y of transitional forms between 
Zaphrentis, Caninia, and Cyathophyllum (compare Spring Cove). 

(4) The occurrence of a characteristic form of Syringoporain the 
upper part of the Zaphrentis-Zone. This form is found at the 
same horizon in the Failand, Sodbury, and Avon sections. 

(5) The light which the accurate determination of the age of the 
Carboniferous Limestone that surrounds or is included in the 
Pennant Series, in the Clevedon and Clapton areas, is likely to throw 
upon the relation of the Coal-Measures to the Carboniferous Lime- 
stone in the district. So far as I have yet been able to form 
an opinion, a considerable unconformity seems the only 
possible solution. 


(f) Tue PortisuEap District. 


Portishead Railway-Station lies 47 miles north-east of Cievedon 
Station, and 64 miles west 20° north of the Clifton Suspension- 
Bridge. 

The Carboniferous-Limestone ridge stretches continuously along 
the west side of the road, from Clevedon to near Portishead, where 
it is abruptly interrupted ; but the Carboniferous Limestone again 
reappears on tho foreshore, in front of the Esplanade, and also 
extends in a west-and-east ridge, from Battery Point to Portishead 
Dock. 

The Portishead district has been briefly described by Buckland & 
Conybeare,” and later, in considerable detail, by Prof. Lloyd 
Morgan.’ The last-named author dissents from the conclusions of 
the earlier observers in several important points, only one of which, 
however, concerns my present object, namely, the interpretation of 
the beach-sequence near Battery Point. 

The facts, as I read them, are as follows:—Beds identical with 
the Avon ‘ Bryozoa-Beds’ emerge from beneath the alluvium at the 
northern end of Woodhill Bay, and form a low cliff; these beds 
bend completely over. For a few yards north of this roll, there is 
a confused jumble in which no arrangement can be detected. Still 
proceeding northward, we next meet with four or five small, sharp 
flexures (broken in places) in a series of shales and thin limestones. 
In these beds Cleistopora is very common. The last of the small 


1 «Observations on the South-Western Coal-District of England’ Trans. 
Geol. Soc. ser. 2, vol. i (1824) p. 210. 
2 Proc. Bristol Nat. Soe. n. s. vol. v (1885-88) p. 17, 
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flexures rolls over at a small angle to the north, and the Paleozoic 
rocks are concealed from view for about 100 yards. They again 
emerge in the cliff at Battery Point, and their age can here be 
definitely fixed as Horizon /. 

The abundance cf Cleistopora in the flexed beds indicates the 
upper part of K, and the small distance between these beds and 
Horizon 6, at Battery Point, confirms this conclusion. Hence, we 
have the ‘ Bryozoa-Beds’ (just below K,) in juxtaposition with the 
upper part of K,. ‘This phenomenon necessitates a big fault, and, 
if we assume a reversed fault to separate Horizon a (the ‘ Bryozoa- 
Beds’) from the flexed beds of the upper part of K,, we have a 
simple exvlanation of the series of small sharp flexures. This view 
is In partial agreement with that expressed by Buckland & Cony- 
beare more than eighty years ago.’ 


Tournaisian. 
Exposures and lithological character :— 


Horizon a (the ‘ Bryozoa-Bed ’) is well shown in a low cliff of 
red limestone on the beach. 

‘The upper part of the Clezstopora-Zone can be examined on the 
foreshore, between the outcrop of Horizon a and Battery Point. 

The clathratus-subzone is excellently displayed at Battery 
Point, and in the cliffs for some distance east of the point. 

The resupinata-subzone, extremely rich in Zaphrentis, is 
well seen in two quarries in the Portishead-Clevedon ridge, 
that is: (1) A quarry, cut into the side of the Big Weston 
Wood, which can be seen from the road; and (2) A disused 
quarry a short distance up Nightingale Vale (past the large 
quarry referred to below). | 

Horizon y and the ‘laminosa-dolomites’ can only be made 
out in poor exposures at the side of Nightingale Vale, between 
the resupinata-quarry and the large quarry already mentioned. 

The Caninia-Oolite is well seen in this large quarry; it has the 
fossiliferous band at the base, and 1s capped by compact dolomites. 


Pena 2 — 
Modiola-ZGone. 


Horizon a (the only part of the zone that is exposed) occurs, 
as already stated, in a low cliff. The beds in the cliff are re- 
markably similar to those at the same horizon in the Avon 
section, and the fossiliferous strata contain an identical assem- 
blage of organisms: namely, prolific crinoid-débris with abundant 
Rhabdomeson, but very few other fossils. 

The title ‘ Bryozoa-Bed ’ is well deserved, but the abundance 
of bryozoans has been absurdly overstated. Ahabdomeson is the 
only bryozoan that is at all common, and this fossil is not more 
abundant here than it is in certain beds in the Cleistopora-Zone 


+ Trans. Geol. Soe. ser. 2, vol. i (1824) p. 246. 
2 Only the most interesting points are noticed. 


Q.J5.G.8. No. 242. R 
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(see immediately below). No doubt the fragments of crinoids 
have been mistaken for bryozoans, on account of their peculiar 
microscopic structure." 


Cleistopora-Zone. (Upper K, only.) 
Cleistopora aff. geometrica is abundant in certain beds. 

A very short distance north of the cliff already described, 
and lying in a small syncline, is a red earthy limestone crowded 
with Rhabdomeson, crinoid-débris, and small gasteropods; the 
following fossils? occur abundantly in this bed :— 


Palatal teeth. 

Scaphopod ......... Dentalium (2). 

Pteropods ......... Hyolithes, Tentaculites. 

Gasteropods ...... Loxonema, Macrocheilus (2), Straparollus, 


Bedlerophon; Pleurotomaria (at least 
two species); Murchisonia (two or 
three species). 

Opisthobranch ...Actgonina. 


Brachiopods ...... Syringothyris aff. cuspidata, Orthotetes 
aff. crenistria, Lingula mytiloides, 

Ostracod ...c.5.0: Leperditia (%. 

CHINGIAS ...0506.5055 Débris probably of several forms. 


Clathratus-subzone. 


This subzone presents its usual features. 
Horizon # contains Spiriferina octoplicata. 


Resupimata-subzone. 
The following fossils have been obtained from the quarry in 
Big Weston Wood :— 


Zaphrentis aff. cornucopie \ extremely | Orthotetes crenistria. 
Laphrentis aft. Phillipsi abundant. | Leptena analoga. 


Spirifer aff. clathratus (rare). Schizophoria resupinata. . 
Syringothyris aff. cuspidata. Rhipidomella aff, Michelint. 
Syringothyris aff. laminosa. | Productus aff. semireticulatus. 


Cliothyris glabristria. 


The simultaneous occurrence of Clothyris glabristria and 
Schizophoria resupinata, together with the abundance of Zaphrentis 
and the entrance of Syringothyris aft. laminosa, serves to fix the 
position of the beds with complete definiteness, and to emphasize 
the essential similarity of this subzone throughout the Bristol 
area.” (Compare the Avon and Sodbury sections.) 


Laminosa-subzone. 


At the base of the Cantnia-Oolite, Orthotetes and Chonetes are 
abundant, in association with an occasional specimen of Syringo- 
thyris aff. laminosa. 


1 Dr. F. A. Bather has kindly confirmed the fact, that the most abundant 
organisms seen in a thin section of the Avon ‘ Bryozoa-Bed’ are fragments of 
crinoids. 

* The determination of the genera may need revision, as I have no special 
knowledge of Carboniferous gasteropoda. I have to thank Mr. W. H. Wickes 
for his kindness in presenting me with my best material. 

> Large palatal teeth, similar to those found in the same subzone in the 
Avon section, are occasionally obtained from this quarry. 
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(ii) Isolated Exposures in the Bristol Area. 


(A) In the Clifton-Clevedon Ridge. 
I. Between the Clifton and Failand Areas. 


(1) Near Cadbury Camp (3 miles east of Clevedon Railway-Station). 


(a) The upper Zaphrenies-Zone is seen in small exposures, at 
the side of the road which runs along the crest of the ridge. 
Zaphrentis is abundant, associated with the same brachio- 
pods as in the Clevedon area, and it is this abundance 

that immediately fixes the horizon. 

(6) The lower laminosa-subzone (the ‘ laminosa-dolomite ’) is 
well shown in a quarry on the southern flank of the ridge, 
north-west of Tickenham (halfway between Cadbury 
Camp and Hast Clevedon). 

Bands of Chonetes aff. papilionacea and Orthotetes crenisirra 
fix the horizon. 

(c) Horizon 6 (the ‘ Bellerophon-Beds’) is splendidly displayed 
in a quarry a little north-west of 'Tickenham, on the 
north side of the Clevedon road, at the western end of 
the village of Middletown. This quarry is cut into the 
southern side of a lower ridge, which runs parallel to 
the main ridge on its south side, and is separated from the 
main ridge by a depression. This depression is doubt- 
less caused by the more rapid denudation of the thick 
‘ lamnosa-dolomites,’ of the ‘* Caninia-Oolite, and of 
a thin series of the superjacent ‘ Caninia-Dolomites.’ 
From this quarry I have obtained :-— | 


‘ Chetetes’ tumidus. | identical with that at Horizon 0, 
Cyathophyllum 9. Failand, and cf. var. Kel/iz). 
Syringopora sp. i Productus sp. (cf. Productus 9). 
Syringothyris aff. cuspidata. | Productus aff. semireticulatus (mut.). 
Syringothyris aff. laminosa. feticularia sp. 

Seminula spp. Dielasma sp. 

(Athyris) sp. Bellerophon sp. (cf. costatius). 


Orthotetescrenistria(amutation | Huomphatlus sp. 
The above list leaves no doubt as to the identity of the horizon. 


(dq) Clapton-in-Gordano,.—Clapton les nearly 6 miles 
west (slightly north) of the Clifton Suspension-Bridge. 
The quarry occurs in an isolated mass of Carboniferous 
Limestone which lies just north of the road from Port- 
bury to Clevedon, about a quarter of a mile east of Clapton 
Church, This mass of limestone comes into contact with 
the Pennant Series on the south, but on all other sides 
it 1s surrounded by Triassic rocks. There are several 
other smaller masses * of Carboniferous Limestone in the 


* In the Geological Survey Memoir (‘ Geology of East Somerset & the Bristol 
Coalfields’ 1876, p. 21) these small, isolated masses are merely mentioned, 
with the remark that it is difficult to account for their presence. ‘They are 
accounted for by Prof. Lloyd Morgan as the result of a ‘flat-lying fault’ which 
sliced and heaved the Carboniferous Limestone, subsequent denudation pro- 
ducing tne isolated patches, Proc. Bristol Nat. Soc. n.s. vol. v (1885-88) p. 15. 
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immediate neighbourhood of Clapton, at least one of 
which is entirely surrounded by the Pennant Series (see 
Sheet 19, Geol. Surv. 1-inch map). 
The quarry is on Horizon /3, as indicated by the following 
fossils :— 
Spirifer alf. clathratus. Abundant. 


Orthotetes crenistria. 
Syringothyris alt. cuspidata. 


ZLaphrentis aff. Phillips. 
Spiriferina octoplicata. Abun- 
Cliothyris Royssit (ut.). { dant. 





It is, in my opinion, entirely out of the question that there is a 
complete sequence from the Tournaisian up to the Coal-Measures 
anywhere in the Clapton-Clevedon-Portishead area. There is no- 
where sufficient space between the outcrops of these two formations 
to allow of the complete sequence being developed; in fact, I have 
seen no Viséan strata north of Tickenham Church. 

lam strongly inclined to believe that there is, in this region, 
evidence of post-Tournaisian upheaval and denudation, and that the 
area was not again submerged until the Coal-Measures were laid 
down in a narrow inlet, bounded on the west by the Clevedon- 
Portishead ridge and on the south by the western part of the 
Clevedon-Failand ridge. Within this inlet, the masses of Carbon- 
iferous Limestone in the Clapton district stood up as small islands. 


(e) Tickenham.—The lower beds of the Seminula-Zone can 
be made out in a field immediately east of Tickenham 
Church. Here I found Productus sp. (cf. P. 0), Seminule 
Jicordea, and Orthotetes crenistria (mut.). 


We may unhesitatingly compare these beds with the lowest 
beds in Dod’s Quarry (see p. 241); a result in complete accord 
with their stratigraphical position. JI strongly doubt the 
completeness of the sequence between these beds (of lowest 
Viséan age) and the Coal-Measures which are found a few 
yards farther south. There is certainly no room for the Upper 
paar TAL ORS, the Dibunophyllum-Zone, and the Millstone- 
mT 1b, 


(2) A quarry near Moat-House, north of the Clevedon road, 
12 miles west of Failand Inn. 


Upper clathratus-subzone and Lower resupinata-subzone. 
From this quarry I have obtained :— 


Zaphrentis aff. Phillipsi. Rhipidomella aft. Michelini. 
Cliothyris glabristria. Schizophoria resupinata. 
Cliothyris sp. (?). Productus cf. Martini. 
Spirifer aff. clathratus. Productus aff. pustulosus. 
Syringothyris aff. cuspidata. _  Productus aff. semireticulatus. 
Syringothyris aff. laminosu. Chonetes cf, hardrensis. 
Orthotetes crenistria (mut. Z). Chonetes aff. papilionacea, 


Leptena analoga. 


Note.—Cliothyris glabrisiria and Rhipidomella aft. Michelini are extremely 
abundant; Zaphrentis and Schizophoria are rare. 
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{l. Between the Failand Area and the Avon Section. 


(1) A quarry near Abbot’s Leigh, north of the Portishead road 
about 14 miles from the Clifton Suspension-Bridge. 


Laphrentis-Zone. 
Clathratus- and resupinata-subzones. 
In the lower beds of the quarry 


Spirifer aff. clathratus and var. crowd the beds, and are associated 
with the following fossils in great abundance :— 

Syringothyris aff. cuspidata, 

Orthotetes crenistria (mut. Z), 

Leptena analoga, and 

Chonetes cf. hardrensis. 

Cliothyris Royssii (and mut. @), 

Camarotachia aff. nitcheldeanensis, 

Productus cf. Martini, and 

Rhipidomella aff. Michelini 


In the higher beds 


ZLaphrentis aff. Phillipsi is not uncommon. 

Cliothyris glabristria is abundant, and a single specimen of 
Schizophoria resupinata was discovered. 

Reticularia aff. lineata, Productus ef. Martini occur, and 
Chonetes cf. laguessiana is extremely abundant, 


are also coniumon. 


Lhe beds resemble so closely those in the Avon section that no 
further discussion of this horizon is necessary. 


(2) Exposures near Long Ashton,’ about 12 miles south-west of 
the Clifton Suspension-Bridge. 


In the grits which are usually considered to form the base of 
the Millstone-Grit Productus aff. scabriculus is fairly common, 
affording evidence of Horizon e. 


(B) In the Clifton-Westbury-King’s Weston Ridge. 


(1) Exposures on Durdham Downs. 


(a) In the broken ground south of the Reservoir. The lower 
Seminula-Zone is shown, as evidenced by the following 


fossils :— 
Caniniacylindricavar. bristolensis. | Productus 0. 


Lithostrotion Martini and var. Seninula ficoidea, 
Syringopora cf. distans. | 
Also occasional specimens of Orthotetes crenistria (mut.) and 
EKuomphalus sp. 
(>) In the disused quarry at the top of Pembroke Road, the 
upper part of the Seminula-Zone is shown, as evidenced 


Seminula spp. Lithostrotion Martini, and 
Productus ‘ giganteus.’ an occasional specimen 


of Clistophyllun @. 





' T have not personally examined the section, but localized specimens are in 
the collection at University College, Bristol. 


234 DR. A. VAUGHAN ON THE PALHONTOLOGICAL [May 1905, 


(c) Along the edge of the Downs, between the top of Pembroke 
Road and the Fountain, higher beds come in very gradually, 
as the southern edge of the Downs nearly coincides with 
a line of strike. Between College Road and the Fountain, 
the lowest part of the Dibunophyllum-Zone is shown, as 
evidenced by :— 

Lithostrotion Martini. | Dibunophyllum spp. 


Syringopora cf. distans Productus ‘ giganteus. 
Cyathophylluin Murchison, 


These exposures merely confirm the sequence in the Avon 
section, and could have been foretold by continuing the lines of 
strike across the map. 


(2) In Westbury Park, near Cold-Harbour Farm, 


The Carboniferous Limestone is here exposed, dipping at a high 
angle, and the Rhetic rests unconformably upon it. 


The Seminula-Zone (probably the lower part) is shown by— 
Seminula sp. and Productus @ (?). 


(Fossils are scarce and poor, and the exposure is very snuall.) 


(3) Near Southmead (three quarters of a mile east of Westbury- 
on-Trym). 

The laminosa-subzone is excellently shown in the large quarries 
near Southmead. The following divisions are exhibited (in ascending 
order) :— 

The ‘ daminosa-dolomite’ (here only slightly dolomitic, but conspicuously 
encrinital). 

The ‘ Caninia-Oolite,’ resting upon an extremely-fossiliferous band (as is 
usual throughout the Bristol area). 


The lowest beds of the ‘ Caninia-Dolomites ’ (thinly-bedded compact lime- 
stones). 


The following fossils have been collected, from the top of the 
laminosa-dolomite and from the base of the oolite :— 


Syringothyris aff. laminosa (common). | Chonetes cf. hardrensis (not common). 


’ Seminula sp. (rare). Chonetes aff. papilionacea and Ch, cf. 
Orthotetes crenistria, mus. Z & C (very comoides (extremely abundant). 

abundant). A Zaphrentid (cf. Caninia) is occa- 
’ Rhipidomella aff. Michelini (rare). sionally seen, sectioned 2 sztz. 


This horizon is of considerable interest, since it shows the first 
appearance of a Viséan fauna at the top of the Tournaisian. 

The cornute Zaphrentid, Chonetes cf. hardrensis, Rhipidomella 
aff. Aichelint, and the convex, grooved Orthotetes (cf. var. Kelli), 
are characteristic survivors from the Zaphrentis-Zone. 

Seminula sp., Chonetes papilionacea in its convex, thick-shelled 
mutation (Ch. cf. comoides), and the mutation of Orthotetes crenistria 
which exhibits strong periodicity of ribbing, combined with con- 
spicuous reticulation, are characteristic of the Viséan stage. 
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Syringothyris aff. laminosa is characteristic of the whole 
Caninia-Zone, and is associated at one end of the zone with a 
typical Tournaisian fauna, at the other with a typical Viséan 
fauna. 

This horizon exhibits the same characteristics in the Tythering- 
ton section, at Wickwar, and at Cromhall. 


(4) Brentry Hill, three quarters of a mile north of Westbury-on- 
Trym. (Two quarries, one on the main road to the Passages, 
the other on the branch road to Charlton.) 


The upper part of the Seminula-Zone and the base of the 
Dibunophyllum-Zone are shown, as evidenced by :— 
Seminula ficoidea and S. cf. ambigua | Productus aft. hemisphericus. 


(mut, 8,). Orthotetes crenistria (mut. D) (rare). 
Productus aff. Cora. Lithostrotion Martini and variants. 


These fossils abound throughout the lower and middle beds, indicating the 
Upper Seminula-Zone. 
The concretionary structure is splendidly shown in the upper- 


most beds of this zone, and some layers almost exactly resemble 
Cotham Marble. In the upper beds we find :— 


Alveolites septosa. 1 Lithostrotion Martini (mut. towards 
Cyathophyllum Murchisoni. L. affine). 
1 Syringopora ef. distans and S. cf. | 1 Dibunophyllum @ and Did, ¢. 
geniculata. Clistophyltun @. 


These fossils definitely indicate the 0¢-subzone. 


(5) Blaize-Castle Wood, near Henbury. 


An exposure by the side of the Rhododendron Walk yielded 
the following corals -:— 


Lithostrotion irregulare. Syringopora cf. distans, 
Lithostrotion Martini and mutation Cyathophyllum Murchisoni var. 
(cf. L. affine). Axophyllum Q, 


Lonsdalia floriformis var. (cf. L. ru- | Productus ‘giganteus.’ 
gosta). 
Mr. S. G. Perceval informs me that he has also found here :— 
Lithostrotion ensifer, and 
Lithostrotion junceuin, Cyathophyllum regiwne. 


The position of the beds is thus completely fixed in the Lons- 
dalia-Subzone. 


(6) Henbury Hill. 
A little south of Blaize-Castle Wood, west of the Westbury 


and Henbury road, there is a quarry in Upper Seminula-Beds. 
The usual fossils are found, and many of the beds are oolitic. 


1 These fossils are included, on the evidence of localized specimeas in the 
Olifton-College Museum. 
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(C) In the Wickwar-Sodbury Ridge. 


(1) The ‘Wick Rocks,’ and other exposures near Wick. | 

Wick lies on the east of the Bristol Coalfield, 83 miles due east 
of the Clifton Suspension-Bridge. The Carboniferous projection at 
Wick is an inlier which marks the southern extension of the 
Wickwar-Sodbury ridge, below the capping of Mesozoic beds: it 
lies 6 miles due south of the end of that ridge at Sodbury. The 
general geology of the Wick district has been so thoroughly de- 
scribed by Prof. Lloyd Morgan’ that any detailed account of the 
topography is rendered unnecessary. 


a) The ‘ Wick Rocks’ (including several quarries). 
, ( g q 


This is a fine section through the Seminula-Zone, from above §, 
up to the concretionary beds at the top of the zone. So exactly 
does the paleontological sequence agree with that observed at 
Sodbury, that little more than a bare list of fossils will suffice :— 


Lithostrotion Martini and variants. | Productus ‘ giganteus,’ 


Syringopora cf. distans and var. Chonetes aff. comoides. 
Clisiophyllid. Chonetes papilionacea., 
Productus aff. Cora. Seminula ficoidea and allied forms. 


Productus aff. hemisphericus. 


Lithostrotion Martini teems at the base. 


Productus aff. Cora, in a characteristic form (mut. 8,), occurs in the thick 
oolitic band. 

Seminula ficoidea crowds certain beds in the upper part of the zone; and 
near the arch, where these beds are wéll weathered, specimens showing 
the spiral arms beautifully weathered out, are abundant. (Beds on the 
same horizon, just below the Observatory, on Observatory Hill, Avon 
section, exhibit the same character.) 

Chonetes papilionacea crowds certain bands, which occur at intervals from 
the oolite onwards. 


A. Clisiophyllid is not common, but occurs occasionally from the oolitic 
band onwards. 
These beds correspond exactly to those at Sodbury, east and west 


of Lilliput Bridge, and, in the Avon section, to the upper part of 
the Great Quarry. 


(b) The section at the Ochre Works. 


Lonsdalia-Subzone (Dibunophyllum-Zone). 


This section is almost identical with that at Wrington (see below, 
p. 242) and in Bridge-Valley Road, on the Clifton side of the Avon, 
as 1s shown by the following fossils :— 


Lithostrotion ensifer. Lousdalia floriforinis (and var. ef. 
Lithostrotion irrequlare. LL. rugosa). 
Lithostrotion Portlocki (var. M‘Coy- Koninckophyllid Cyathophylhun., 


anum). Dibunophyllunr wv. 
| Axophyllum @. 


1 Proc. Bristol-Nat. Soc. n. s. vol. vi (1889-91) p. 183. 
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Productus aff. seabriculus (of two | Spirifer aff. mosquensis. 
types: cf. Pr. costatus and Spirifer cf. ovalis, 
Pr, semireticulatus). Reticularia lineata (cf. Dav. 
Spirifer ef. grandicostatus. pl. xii, fig. 10). 


Note.—All the corals, with the exception of Cyathophyllum, are very 
abundant. Productus aff. scabriculus teems, the more finely-ribbed form 
being by far the most abundant. eticularia lineata is a common 
fossil, but the Spirifers are rare. 


Horizon e. 


Above the thickly-bedded limestones of the D, subzone occurs a 
series of thinly-bedded limestones, shales, and sandstones. The lime- 
stone-bands in this series are crowded with brachiopod-fragments. 

Productus aff. scabriculus (cf. P. costatus) | 
Orthotetes crenistria (mut.) 
Chonetes cf. crassistria. 


Seminula cf. ficoidea and 8. ef. ambigua, less common. 
Phillipsia-fragments are of frequent occurrence. 


N ote.—The Chonetes is very similar to the form found in the Tournaisian, 
but its average dimensions are much smaller. On account of its small 
size, unbroken specimens are not unusual. 


(c) The lowest Millstone-Grit Quarry. 


At the base of this quarry, immediately above the highest 
calcareous beds ‘which are usually regarded as closing the Upper 
Limestone-Shales, is a sandstone crowded with casts of brachio- 
pods, etc. 


very ° 
common. 


Productus aff. seabriculus is extremely abundant, and indicates Horizon e. 
This Productus is a different variant from that found in the Avon 
section ; for, whereas the Avon form may be regarded as a scabriculate 
mutation of Pr. costatus, that at Wick is a scabriculate mutation of 
Pr. semireticulatus. 


The chief interest of the Wick exposures centres in the fact that 
they complete the Sodbury section, by exhibiting the Lonsdalia- 
Subzone and Horizon e which are there absent. 


(2) Quarries at Wickwar, 4 miles north of Chipping Sodbury. 


This district has already been described by Prof. Lloyd Morgan, 
in the British Association Handbook issued at the Bristol meeting 
in 1898, 


Detailed Account. 
4uphrentis-Zone, 


Resupimata-subzone. 
Lithological character.—Massive limestones. 


Exposures.—Two adjacent quarries, immediately north of 
Wickwar, on the west side of the Charfield road. 
Fauna :— 


Zaphrentis aff. Phillipsi. Michelinia sp. 
Laphrentis aff. cornucopia. Syringopora @. 
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Cliothyris glabristria. Rhipidomella aft. Michelini. 
Cliothyris sp. (transitional form). Leptena analoga. 

Spirifer aff. clathratus and vay. Productus cf. Martini. 
Syringothyris aff. cuspidata. Productus aff. pustulosus. 
Camarotechia aft. mitcheldeanensis. Productus aff. semireticulatus. 
Orthotetes crenistria (mut. Z). Chonetes cf. hardrensis. 
Schizophoria resupinata. Chonetes papilionacea. 


Notes.—Spirifer aff. clathratus, Cliothyris glabristria, and Schizophoria 
resupinata are commonest in the lower part of the subzone, but rare 
above. Cliothyris glabristria and Schizophoria resupinata are extremely 
abundant together. Chonetes cf. hardrensis teems in certain beds. 
Chonetes papilionacea only occurs abundantly in the upper part of the 
subzone. 


Euomphalus, Belicrophon, and several very interesting bryozoans also 
L 
occur. 


Horizon y is indistinguishable, since no specimen of 
Caninia was found above the resupinata-subzone and under 
the ‘ lanwnosa-dolomites.’ 


Laminosa-subzone. 


Sequence in ascending order :— 


(1) ‘ Laminosa-dolomites, 
(2) ‘ Caninia-Oolite’ resting upon a highly-fossiliferous band (the 
‘sub-Oolite’). 


Exposures :— 


(1) can be seen at the top of the southernmost of the two 
quarries in the resupinata-beds. 

(2) is shown in a quarry a little farther west, and also in a 
very large disused quarry farther north, on the west of 
the Charfield road. 

In both quarries the ‘ sub-Oolite’ is well displayed. 


Fauna:-— 


The ‘laminosa-dolomites ’ are unfossiliferous, except for crinoid- 
fragments. The ‘sub-Oolite’ contains 


Caninia cylindrica. Orthotetes crenistria (mut. wenteen 
Syringothyris aff. laminosa. C) and alin mene 
Seminula sp. (very small form). Chonetes aff. papilionacea i 


Rhipidomella att. Michelini. 
Orthotetes is common in the base of the Caninia-Oolite. 


Semimula-Zone (Upper 8, and Lower §,). 


Lithological character.—Massive limestones, with shales, 
and a highly-quartzose grit. 


Exposure.—aA large quarry still. farther west of the resupinata- 
quarries. 


‘ Palechinus is common at this horizon throughout the Bristol area, a fact 
which was pointed out to me by Dr. Wheelton Hind (see also below, p. 256). 
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Pain a2 — 
Lithostrotion Martini and vars. Productus 0. 
Seminula ficoidea and allied | Productus aff. heimisphericus. 
forms. Productus aff. Cora mut. 


Comparison with other Sections.—So closely does the 
Wickwar development correspond to that in the Sodbury and 
Tytherington sections, that the enumeration of all the points of 
resemblance would be practically a repetition of the foregoing 
faunal lists. ‘The most interesting points are :— 

(1) The absence of Caninia just above the resupinata-subzone, so that 
Horizon y is not differentiated. 

(2) The occurrence of Caninia in the ‘ sub-Oolite,’ as at Tytherington. 

(3) The early occurrence of an occasional Seminala in the sub-Oolite, as 
at Tythermgton and Southmead. 


(D) In the Olveston-Tytherington-Cromhall Ridge. 


This ridge forms the northern boundary of the Bristol Coalfield ; 
it runs west-and-east, and is continuous with the north-and-south 
Wickwar-Sodbury-Ridge, which bounds the Coalfield on the east. 


(1) Old Down.—Kast of Olveston, about 9 miles north of 
Bristol, and 4 miles west of the Tytherington section. 
Large quarries in the Upper Seminula-Zone. 


Fauna :— 


Lithostrotion Martini (abundant). | Seninula ficoidea, Abun- 
Clisiophyllids (occasional specimens ; Productus aff. Cora, mut.§,. f dant. 
of Clistophyllwum 8). | 


(2) The Ridge Way.—There is a disused quarry, also in the 
Upper Seminula-Zone, at the junction of the road to New 
Passage with the Gloucester road, about 11 miles north-east 
of Almondsbury. ; 


(5) Cromhall District. 


(a) Ley-Hill Quarry.—A little more than half a mile north 
of Cromhall is a large road-metai quarry in the Upper Zaphrentis- 
Zone (resupmnata-subzone), Horizon y, and base of the laminosa- 
subzone. 


1 {As the result of a recent visit to this quarry, in the company of 
Dr. Wheelton Hind, I am enabled to add the following fossils to the 
above list :— 


Upper 8,: Productus semireticulatus (mut. §,). 

Lower 8: Productus fimbriatus (only previously recorded in the south-west 
by Dr. W. B. Gubbin from South-Western Gower, where it occurs at the same 
level: Proc. Bristol Nat. Soc. ser. 4, vol. i, pt. i, p. 45). 

Cyrtina carbonaria (very abundant, and occurring at the same level as at 
Weston and Kidwelly : see below, p. 254). 

Gasteropods belonging to several genera (Bellerophon, Euomphalus, Loxonema, 
etc.) i abundant (cf. Dr. Gubbin’s paper, op. cit. pp. 46, 47).— A. V., April 267h. 
1905. 
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In the lower beds Zaphrentis aff. cornucopie is abundant, and fine speci- 
mens can be obtained. The uppermost beds show an unequalled 
development of the ‘/aminosa-dolomites.’ Chonctes aff. papilonacea 
and Orthotetes crenistria mut. C occur in profusion. 


(>) A limestone-quarry.—This quarry lies a short distance 
south-west of the last. It is mainly composed of an unfossili- 
ferous limestone, which is perfectly white (the ‘ Caninia-Oolite’). 
At the base are the uppermost beds of the ‘ /aminosa-dolomite,’ 
teeming with Chonetes aff. papilionacea and Orthotetes cremistria, 


(c) ‘Near’ Cromhall.—In Mr. Champion's Collection there 
are specimens of Lithostrotion Martini, which certainly indicate 
the Semenula-Zone. 


I have no doubt that a very complete section could be con- 
structed, from all the exposures between Cromhall and Charfield ; 
the exact resemblance of those exposures which I have examined, 
to those already described in other parts of the Bristol area, 
suggests, however, that the results would present no special 
interest, 


(12) The Backwell-Wrington Mass. 


- This triangular mass of Carboniferous Limestone, which mea- 
sures 5} miles from west to east and 33 miles from north to south, 
lies south-west of Bristol and due west of Dundry Hill. 

The general structure of the mass is an anticline, the crest of 
which runs west-and-east, a little south of Broadfield Farm, thus 
dividing the mass into two very unequal parts, namely, a broad 
northern part and a much narrower southern part. The crest of 
the anticline had been eroded in post-Carboniferous times and is 
now partly concealed, immediately south of Broadfield arm, beneath 
Rheetic and Liassic deposits. 


Detailed Account. 


Upper Tournaisian. 


Resupinata-subzone (including Horizon y). 


Exposures.—Along the crest of the anticline and, under- 
lying the lavas of Goblin Combe, on both sides of the anticline.’ 


Fauna:— 


Zaphrentis aff. Philtips. Spirifer aff. clathratus. 
Zaphrentis aff. cornucopia. Syringothyris aff. laniinosa, 
Caninia cylindrica, Cliothyris sp. 


Amplexus cf. coralloides. 


The only point that is worth emphasizing is the strong definition of 
Horizon y, a fact which indicates our approach towards the Mendip area, 
where Cuninia and Amplecus occur abundantly. 


1 ©. Lioyd Morgan & 8. H. Reynolds, Quart. Journ. Geol. Soe. vol. lx (1904) 
Pelor, 
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Lanwirosa-subzone. 

Exposure and fauna.—This subzone is represented by beds, 
above the lavas on both sides of the anticline, which contain 
Orihotetes crenistria and Chonetes aff. papilionacea, as well as 
Ch. cf. comoides, im extreme abundance. An occasional speci- 
men of Syriigothyris aff. laminosa 1s found, associated with the 
fossils just mentioned. 

These beds are, in all probability, the equivalent of the ‘ sub- 


Oolite.’ 


Viséan. 
Sentiula-Zone. 
The whole or part of the serics, from the top of S, up to the 
top of the zone (that is, up to the concretionary beds or 

‘ mottled limestones’), 1s well exposed at several points. 

ixposures :— 

(1) Dod’s Quarry on the north-eastern edge of the mass, 
about 1 mile west of Dundry Hill, and three quarters of 
a mile south of Barrow Gurney.’ 

(2) Backwell Quarry, on the northern edge of the mass,. 
nearly 24 miles west of Barrow Gurney. | 

(3) A quarry on the southern edge of the mass, about 1 mile 
west of Wrington, on the north side of the Yatton- 
Wrington road. 

(4) At Cleve, near the entrance to the Combe. 

(5) Near Yatton, in the small separated mass which lies. 
off the south-western corner of the Backwell-Wrington 
mass. 

Since the beds exposed in (2), (3), (4), and (5) are smaller portions. 
of the series, which are included in the longer sequence represented 
in (1), and since they have no lithological or palzontological pecu- 
liavities, it will suflice to enumerate the palzeontological characters. 
exhibited by exposure (1). 

Lithological character.—Massive limestones, with a thick 
band of oolite, and, at the top, ‘mottled limestones’ with 


thin shales, 


Peal a — 

¢ Caninia cylindrica mut. | Orthotetescrenistria mut.8, (oceasional).. 
Lithostrotion Martini. Productus aff. Cora. 

Syringopora ct. distans. Productus ‘ giganteus,’ 

Syringopora ct. ramulosa. Productus sp. (ef. Pr. @). 

A Clisiophyllid (rare). Chonetes cf. conoides. 


Seminula ficoidea and allied forms. | Chonetes papilionacea. 


The faunal sequence and the lithological details are so remark-. 
ably similar to those of the beds in the Wick-Rock Series already 
described (p. 236), that no further comment is necessary. 


1 Barrow Gurney lies about 43 miles south-west of the Clifton Suspension-. 


Bridge. 
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Dibunophyllum-Zone. 
(a) The lower part or 0¢-subzone is, so far as I know, unexposed. 
(6) The upper part or Lonsdalia-Subzone. 


Exposure.—In the large quarry now worked, on the southern 
edge of the mass, immediately north of Wrington. 


Lithological character.—Massive limestones with some 
shales, and rubbly limestones. 


Fauna:— 


Syringopora ef. distans, son, ‘Monogr. Brit. Palzoz. 
Lithostrotion ensifer. Brachiop.’ Palzontogr. Soe. pl. vil, 
Lithostrotion Martini and especially fig. 8). 
« mutation towards L. irregulare. Spiriferina (4) ef. tntegricosta (cS: 
Lithostrotion Portlocki and var. Davison, pl. ix, fig. 16). 
M‘Coyanwin. Reticularia lineata. 
Cyathophyllum regium (simple and | Camarotechia plewrodon (cf. Davidson, 


conlpound). 

Cyathophylium Murchisoni (var.). 

Lonsdalia floriformis and the var. 
cf. rugosa, 

Clisiophyllids of three main types, 
namely: Dibunophyllum , Axo- 
phyllum 0, and Koninekophyllum ¢. 

Seminula aff. ficoidea (scarce). 


pl. xxiii, fig. 2). 
Productus aff. Cora (mut.). 
Productus hemisphericus. 
Chonetes sp. 

Aviculopecten sp. 
Fenestellids. 


Alveolites septosa. Spirifer cf. grandicostatus (cf. David- 
Fistulipora (2). 


Notes.—The Wrington quarry is now the best exposure in the Bristol 
area, from which to collect the corals of this subzone. The coral-fauna is 
identically that of the same horizon in the Avon section, as exhibited in the 
exposures on the river-side of Stokeleigh Camp, in the quarry on Rownham 
Hill, and at Round Point on the Clifton side of the river. 

The brachiopods and lamellibranchs occur crushed in a thin shale, 
consequently their determination is a matter of considerable difficulty and 
uncertainty. 

A curious form of Fenestellid is met with, both at Wrington and at 
Rouud Point. 





—— 


I have now completed the detailed account of the several zones, 
as they are displayed in the different parts of the Bristol area. 
Before proceeding to compare the zonal sequence in the Bristol 
area with that in other districts, it will be necessary to compile a 
table of the commonest corals and brachiopods, which shall show 
the range and maximum of each species-group (or gens) throughout 
the zonal sequence adopted in this paper for the Bristol area. By 
comparing this table with similar tables for distant areas, it will 
be possible to plot accurately the directions and amount of the 
great geographical variations in relative sequence, which the 
different species-groups undergo. 

The smaller variations, which take place within the Bristol 
area itself, have been noticed here and there in the detailed 
description of the different parts of that area, and the importance 
of such observations, when completed, has been pointed out in the 
Introduction (p. 185). 
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The table and the range-diagrams (which express the same results 
graphically) are compiled for the Bristol area as a whole, and 
from the data supplied by that area alone: that is, no account is 
taken, either of any district outside the Bristol area, or of the 
smaller variations within the area itself. 


III. Raneges anp Maxima or rue Corats and BRACHIOPODS IN 
THE Briston Arua. (Pls. XXVIIT & XXIX.) 


CORALS. 
Alveolites. 


Species-group: Alveolites septosa. 
Very rare at the top of 8, ; commoner in 8,; abundant through- 
out D; maximum in D.. 
Syringopora. 
Genus: rare in Z,; abundant at numerous levels throughout all 
the higher zones. 
Circuli:— 
(1) Syringopora 0: Z; maximum in Z, and y. 
(2) S. ef. distans: common throughout 8 and D. 
(3) S. ef. ramulosa: not uncommon in §, 
(4) S. ef. geniculata: maximum in D,. 
(5) S. ef. reticulata: maximum in C,. 
Michelinia. 
Genus: rare in Z,; maximum at the top of Z, and in C. 
Species-groups (?): not satisfactorily differentiated. 
The form in Z, is Michelinia cf. favosa; the commonest form in 
Z, and C is M. megastoma. 
Cleistopora. 
Species-group: Cleistopora aff. geometrica. 
Confined to K; maximum at the top of K,. 
Zaphrentis. 
Species-groups :— 
(1) Zaphrentis aff. Phillips. Notinfrequent in Z, ; extremely 
abundant in Z, and y; rare in C. 
(2) Zaphrentis aff. cornucopie. Z, and y (abundant); maximum 
at the top of Z,; rare in C,. . 
Caninia. 
Species-group: Canina cylindrica. 
Occasional at the top of Z,; maximum in y; rare in 0; 2nd 
maximum in §,. 
Mutational stages :— 
(a) Canwnia cylindrica: y and C., 
(b) Canina cylindrica var. bristolensis: C and &.. 
Amplexus. 
Species-group: Amplexus cf. coralloides, 
Z,» y, G, and probably 8, ; maximum near the top of Z.,. 


i? 
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Lithostrotion. 
(A) The Siphon atenier on-Section. 
Species- groups :— 
(1) Lithostrotion Martini. Abundant from the. middle of oe 
throughout all higher zones ; maximum in 8. 
M utations :— 
Towards Lithostrotion trreguiare: D (cominon). 
i Lithostrotion affine: 8, and D. 
s Lonsdalia: D, (common). 
(2) Lithostrotion wregulare (doubtfully a distinct species- 
group). Abundant throughout D; maximum in D.,. 
(8) Lithostrotion junceum. Never abundant, but not uncommon 
at certain levels in D. 


(B) The Nematophyllum-Section. 
Species-groups:— 
(4) L basaltiforme : upper part of 8, and lower part of §,. 


(5) L. Portlockt (including the variants L. M‘Cor oyanwn and 
L. ensifer). D, (abundant). 


Cyathophyllum. 
Species-groups :— 
(1) Cyathophytlum Murchisoit-group. 
“Mutational stages :— 
(a) Cyathophyllum g: C (maximum at the top). 
(b) Cyathophylium Murchisoni (s, 8.): rare in 8, ; abundant in D ; 


a maximum in D,. 
(2) Cyathophyllum seem D, (abundant). 
(3) Koninckophyllid Cyathophyllum. D; maximum in D.. 
Campophyllum. 


Species-group: Campophyllum Murchison. D; maximumin D.. 


Clisiophyllids. 
Not uncommon in §,; maximum in D. 
(i) Clisiophyllum. (Carcinophyllum.) 
Species-group: Clisiophyllum 0. 8,; D, (maximum). 
(1) Dibunophyllum. 
SpecieS-group: Dibunophyllum turbinatum. 
Mutational stages :— 


(a) Dibunophyllum 6 and Dib. ¢: S, (rare); D, (maximuna), 
(b) Dibunophyllum ~: D, (?); D, (maximum). 


(iti) Cyclophyllum: D, (rare locally). 
(iv) Koninckophyllum : D (common locally). 
(v) Axophyllum: D, (common). 
(vi) Lonsdatia. 
Species-group: Lonsdalia florifornis (including var. L. cf. 
rugosa). D, (very abundant). 
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7 BRACHIOPODS. 
Athyrids. 


(i) Cliothyris. 
Species-groups :— 
(1) Cliothyris Royssii. The typical form is abundant in M 
and K.. 


A mutation (mut. 6) is abundant in K, ; it reachesa maximum at 6, 
and is not uncommon in J. 


(2) Chothyris glabristria. Rare in K; abundant through- 
out Z; maximum in the lower part of Z,. 

(3) Chothyris sp. (a transitional form between Cliothyris 
and Seminula). Top of Z, and C; maximum near y. 


(ii) Seminula. 


Species-group: Seminula ficoidea. Rare in C; prolific 
throughout 8; scarce in D. 


Spiriferids. 
G) Reticularia. 


Species-group: Reticwlaria aff. lineata. Rare in K; 
abundant in Z (maximum in Z,); a mutationin C and§; 
a well-defined mutation in D, (Reticularia lineata). 


(11) Sperifer. 
Species-groups :— 

(1) Spirifer tornacensis, represented by Sp. aff. clathratus and 
its variety, and by Sp. aff. cinctus. Rare in K,; in- 
creasing in abundance in K,; prolific in 6 and Z, ; 
declining in Z,; very rare after y. 

(2) Spirifer mosquensis, represented by a local variation. 
Rare in D,. 


(ul) Sporiferina. 
Species-group: Spzwriferina octoplicata. Rare in K, ; 
abundant in K, and at 6; scarce in Z,. 
Gv) Syringothyris. 
Species-groups :— 
(1) Syringothyris cuspidata. 
Mutational stages:— 
(a) Syringothyris aff. cuspidata (cf. S. subeuspidata) (probably 
more than one stage is here represented). Probably occurs 
in M; abundant from the top of K, to 8, and extends into Z. 
(b) Syringothyris cuspidata (the typical form). Occurs in Z, ; pro- 
lific at the top of Z, and at y; not uncommon throughout C. 
(2) Syringothyris aff. lamanosa. 
Common in Z,, y, and C ; a mutation occurs in 8, ; maxi- 
mum in Z,. 


Q. JG. S. No. 242. g 
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Retzids. 
FEumetria: M and K,.’ 


Rhynchonellids. 
Camarotechia. 
Species-group: Camarotechia muitcheldeanensis (in- 
cluding two or more mutational stages). Abundant 
in M, K,and Z,; rare in Z,; very scarce in C. 
Orthids. 
(1) Schizophoria. 
Species-group: Schizophoria resupinata. Very rare in Z, ; 


abundant in the lower part of Z,; rare in y. 


(11) Rhipidomella. . 
Species-group: Rhiprdomella aff. Michelint. Rare in K,; 
abundant in Z (maximum probably at the top of Z,); 
rare in C, 
Strophomenids. 
(1) Orthotetes. 
Species-group: Orthotetes crenistria. 

This group persists throughout the whole of the Carboniferous 
Limestone; but, whereas it 1s extremely abundant all through the 
Tournaisian, it becomes comparatively unimportant in the Viséan. 

The group undergoes well-marked mutational change, and the 
following stages in mutation can be easily distinguished :— 

Mut. K,: maximum in K,; extends into K,. 
Mut. Z: K,, Z, and C. 

Mut. C: Z,, y, and C, 

Mut. S: 8 (chiefly S,). 

Mut. D,: S, and D,. 

(11) Leptena. 

Species-group: Leptena analoga. Occurs in a; abundant 
in K and Z; unknown in C. 


Productids. 


(Very much more work must be done, both in the field and in the 
laboratory, before the true inter-relationship of the several members of 
this family and their ranges in time can be considered as satisfactorily 
established in the Bristol area.) 


(1) Productus. 
Species-groups :— 
(1) Productus bassus. Very abundant in K,; doubtfully 
recorded from K,,. 


(2) Productus cf. Martini (including variations towards 
Pr. longispinus and Pr. semireticulatus). Abundant in 


2 A single specimen has been discovered near the top of K, in the Failand 
section. | 
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K,, 3, Z,; the typical form is rare in Z,, where it is 
replaced ‘by a mutation towards Pr. semireticulatus. 

(3) Productus semirciiculatus. The mutation from Pr. Mar- 
tine occurs in Z,, and becomes abundant in Z,. A 
spinous mutation is characteristic of §.. 

(4) Productus aff. scabriculus (including two distinct varia- 
tions; the one Pr. cf. costatus, the other Pr. cf. seme- 
reticulatus). ‘Typical of Horizon e ; less common in D.,. 


(ia) The Giganteid Producti (a group having subgeneric 
value). 
(5) Productus aff. Cora [Dav.] (= Pr. corrugatus). Rare 
in Z and C; abundant in §8,; common in D, and 
extending on to Horizon e. 


The different zones are characterized by distinct inutations (thus 
mut. Z, mut. C, mut. S,, and mut. D, are easily distinguished). 


1 


Productus 0 is abundant in 8.. 


(6) Productus giganteus. Rare at the bottom of 8, ; maximum 
at the top of 8, and the bottom of D,; extends on 
into D, in a distinct mutation (‘ Chonetiproductus’). 

(7) Productus hemisphericus. The typical form is only 
abundant at the top of 8, and in D.. 


(ii) Chonetes. 
Species-groups :— 
(1) Chonetes ‘ Buchiana’* (as figured by Davidson, ‘ Monogr. 
Brit. Paleeoz. Brachiop.’ Paleeontogr. Soc. pl. lv, fig. 12) 
has its maximum at the top of K.. 
(2) Chonetes cf. hardrensis: K; Z; C,. 
Variants :— 
(a) Chonetes cf. crassistria. Rare in M; very abundant in K; 
extends into Z,. A somewhat similar form reappears in e. 
(b) Chonetes cf. laguessiana. K and Z 
(3) Chonetes papilionacea. Rare a Z4,; common in Z,; 
abundant at y, in ©, and at intervals throughout S. 
Variants :— 


(a) Chonetes ef. comoides is locally abundant in C. 
(b) Chonetes aff. comotdes is characteristic of D,. 


Inarticulate Brachiopods. 
Lingula and (Discina). 


Paucity of material has prevented any.attempt to separate the 
forms which occur at different levels. 


1 Tam not satisfied that this form is correctly referred to Chonetes Buchiana, 
de Kon. 


g 2 
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LV. Comparison oF THE BRiIstoL SEQUENCE WITH THAT 
In NEIGHBOURING AREAS, 


My only object in this section is to demonstrate that the pro- 
gression of zonal faunas, which has been established for the Bristol 
area alone, holds true throughout the South-West of England and 
South Wales. 

Since each area to which I shall refer is now undergoing detailed 
examination, 1{ would be premature, as well as out of place, to 
attempt here anything beyond a statement of the broad outlines of 
the faunal succession. The lithological development will be entirely 
passed over, except in so far as the occurrence of dolomites or grits 
may interrupt the faunal sequence. 


G) Tue Menpie AREA. 


The brief account which follows is mainly compiled from an 
examination of the following localities :— 


(a) Burrington Combe.’ 


Zonal extent: All the zones and subzones are here excellently 
exposed and typically developed, from M up to and including D.. 


(6) Traverse from Cheddar to Charterhouse. _ 


Zonal extent: Same as at Barrington, but the sequence is not 
completely exposed. The Cheddar Gorge displays the Seminula- 
Zone ending in D, ; there are numerous exposures in the Zaphrentos- 
Zone (both Z, and Z,) between the Gorge and Charterhouse. 


(c) Emborough. 


Specimens collected by Prof. S. H. Reynolds and Mr. T. F. Sibly 
point clearly to the presence of a normal D, facies in the Mendip 
development.’ 


Interruptions of faunal sequence by dolomites or grits: practically 
none. Hence the prolific fauna of the Syringothyris- and lowest 
Seminula-Beds isin striking contrast to its rarity in the Bristol area. 


Correlation of the Mendip and Bristol Areas. 


So closely does the faunal sequence in the two areas agree, that it 
is only by dint of detailed study that the small differences become 


apparent. 
The following points of resemblance, selected from a very long 
list, will serve to give an idea of the practical identity of the 


1 This section has been more recently examined in great detail by Mr. T, BF. 
Sibly, and his results are published in the Proceedings of the Bristol Naturalists’ 
Society, ser. 4, vol. i, pt.i, p. 14. 

2 The detailed examination of the Carboniferous Limestone throughout 
the Mendip area is being undertaken by Mr. T. F. Sibly, and to him I am 
indebted for several of the facts stated below. 
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sequence in the two areas. All the statements refer equally to 
either area. 
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The Carboniferous Limestone starts with a Modiola-ostracod 
phase, which includes an identical horizon (Horizon a). 

The Cleistopora-Zone can be differentiated into two subzones 
K, and K,, characterized by the same faunal assemblages in 
the two areas. Striking constituents, such as Productus 
bassus and Chonetes ‘ Buchiana, occur in both areas, The 
period of entrance, the gradual increase in numbers, and 
the position of maximum in the case of the commonest 
constituents is the same (for example, Sperifer aff. clathratus). 

I'he same species, in identical forms, are associated in Z,, and 
the forms deciine in numbers when traced through Z,. 


. Amplexus attains its maximum before Canenie in Z,. 
. Zaphrentis is common throughout the Zaphrentrs-Zone, but is 


rare in all higher beds. It attains its maximum at the top 
of Z,, where it is represented by the two common species. 
In Z,, Zaphrentis aff. Phillipsi is the only form met with. 


. Schizophoria resupimata is associated with Clhothyris gla- 


bristria. 


. Caninia is enormously abundant at the top of the Zaphrentis- 


Zone and extends on into C. 


. Michelinia has its maximum in Z (fide T. F.S. for Burrington). 
. Orthotetes crenistria is quite common throughout the Tour- 


naisian, but is rare above that level, although occasionally 
found up to the Dibunophyllum-Zoue. 

Chonetes cf. hardrensis occurs abundantly up to the top of Z,, 
but yields its predominance in higher beds to Chonetes 
paptionacea, by which it is soon entirely replaced. 

At the base of C there is a band crowded with Orthotetes 
cremstria and Chonetes cf. comoides in association. 

Cyathophyllum @ is enormously abundant at the top of C, 
associated with Bellerophon sp., Orthotetes crenistria, and 
Syringothyris aff. luminosa. 

Productus @ is extremely prolific at the bottom of the Seminula- 
Zone (where, however, J2thostrotion and Seminula are rare 
at Burrington). 

Lathostrotion Martini abounds in the middle of the Semnula- 
Zone, where it is associated with Productus and Seminiula. 
Clisiophyllids enter in small numbers in the upper part of 

the Seminula-Zone. 

The fauna of the Dibunophyllwm-Zone is identical in the two 
areas. 


The points of difference, though small, are of great interest ; 
they may be summed up in the statement that, when compared 
with the Bristol area, the coral-fauna in the Tournaisian of the 
Mendips is accelerated relatively to the brachiopod-progression. 

(1) In the Mendip development Michelinta occurs commonly with 
the assemblage of brachiopods characteristic of Z,, whereas in the 
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Bristol area the genus is extremely rare before 4, ; Zaphrentis is 
also much more abundant i in Z, than it is in the Bristol area. 

(2) The most conspicuous instance of this small relative displace- 
ment of corals and brachiopods is, however, to be seen in the range 
of Canina cylindrica in the two areas, In the Bristol area the 
maximum of Caninia occurs above the brachiopod-facies which is 
typical of Z,, and the maximum of Syiingothyris cuspidata occurs 
just below that of Caninia. In the Mendip area, however, the 
maximum of Caninia is associated with a typical Z, facies of 
brachiopods, and the maximum of Syringothyris cuspidata occurs 
above that of Canina. 

The brachiopod-progression is identical in both areas, as is also 
the coral-progression ; but the one is slightly displaced relatively to 
the other, as we pass from the Mendip area into the Bristol area. 
The same phenomenon is exhibited in the position of the second 
maximum of Caninia ; in the Mendips it takes place at the top of C, 
in the Bristol area it occurs in 8.. 


The remaining areas will, for want of space, be treated very 
shortly, and the statement that a certain zone or subzone 1s present 
must be taken to imply that the assemblage of fossils by which it 
is characterized in the Bristol area occurs also in the area under 
consideration. 


Gi) Tar Weston Arma. 


1. The Woodspring ridge exhibits a very fossiliferous development 
of Z,, succeeded by characteristic ‘ daminosa-dolomites’ and ‘ Caninia- 
Oolite’” There is practically no difference between the fauna here 
and in the Clevedon area. 

2. The west of the Worle ridge from Spring Cove to Knightstone. 
The upper part of C and the Viséan, up to a high level in §,, 
are quite characteristically displayed. The upper part of C is little 
dolomitized, so that it exhibits the fossiliferous character which it 

has in the Mendips. 

Note.—From material supplied to me by Prof. C. Lloyd Morgan 
& Prof. 8. H. Reynolds when they were preparing their paper,’ 
L came to the conclusion that both the lava at Woodspring and that at 
Spring Cove were poured out at approximately the same epoch ; and, 
speaking broadly, this has been confirmed by more careful examination 
in the field. Both flows certainly took place during the deposition of 
the laninosa-subzone. Having, however, examined the beds in situ, 
I am now able to fix accurately the time of each flow: that at 
Woodspring occurred in y, that is, at the very beginning of laminosa- 
time in the Weston area, whereas that at Spring Cove occurred 
later, but still before the close of the laminosa-age. 

The evidence for this conclusion is definite: at Spring Cove Cyatho- 
phyllum @ occurs below the lava, thus placing the volcanic rocks in 
the upper part of the lanunosa-subzone, whereas at Woodspring the 
lava occurs at the y horizon. 


* Quart. Journ. Geol. Soe, vol. Lx (1904) p. 151. 
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I have hastened to make this correction, for the assistance of 
those who are working in neighbouring areas, in the hope that, the 
horizons of the two flows being now very definitely fixed, they may 
find some trace of volcanic ejectamenta at the same levels. 

I am deeply indebted to Mr. Sibly, who has placed his knowledge 
of the area and its fossils entirely at my service, and it was under 
his guidance that I first visited the Woodspring-Cliff section. 


(111) [THe Cuepstow anp Forest-or-Dran Ovrcrop. 


Although I have not yet completed the examination of this large 
area, the agreement of the faunal succession with that in the Bristol 
area is practically complete whenever paleontological evidence can 
be found. A great portion of the faunal sequence is, however, 
entirely obscured by the extensive development of dolomites in the 
Upper Tournaisian and by the early entrance of the ‘ Millstone-Grit ’ 
facies before the end of Viséan time. 

It will be sufficient, for my present purpose, to describe briefly 
-the development in the south and in the extreme north-east of the 
area. 


A. The Chepstow Area (including Chepstow near 
its north-eastern corner and Magor at the extreme south-west). 


1. The Lower Cleistopora-Zone contains the typical K, fauna, 
immediately following upon a series of transitional beds in which 
fossils are extremely scarce. 

2. The base of Z, is represented by the characteristic forms, in 
their usual abundance. 

3. For some distance above this level the beds are extensively 
dolomitized, and fossils are consequently rare. 

4, There is, however, a well-marked fossiliferous band, which 
extends throughout the district, and contains a typical assemblage 
of Z, forms. 

5. For some distance above this level there is a great lack of 
exposures, and the next higher beds which are met with belong to 
the Seminula-Zone. 

6. As in the Bristol area, this zone is thick; it contains the 
typical assemblage of fossils. The Seminula-Zone is splendidly 
displayed in the large quarries on the left bank of the Wye, 
immediately north of Chepstow. 

7. I have seen no trace of the Dibunophyllum-Zone. 


B. The Mitcheldean District. 


The main interest of this region, which I have recently examined 
with great care, lies in the interpretation of the rock-facies rather 
than in the faunal sequence. ‘The faunal succession is quite normal, 
and the different fossiliferous levels can be assigned to their correct 
horizons without any difficulty or question. All the fossils that 
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occur are found also in the Bristol area, and they are associated in 
the same way in the two areas. 

Briefly stated, the succession is as follows :— 

1. A series of transitional beds containing few fossils, the same 
early representatives of a Cleistopora-fauna as those which are 
found in the Modiola-Zone of the Bristol area. 

2. A perfecily-typical and abundant K, fauna, in which a 
Modiola-ostracod phase is developed. 

3. K, is poorly fossiliferous, but is succeeded by 

4. A good development of the lower part of Z,, containing the 
characteristic fossils in abundance. 

5. The upper part of Z, and the whole of Z, are extensively 
dolomitized, wherefore fossils are scarce; there is, however, a 
well-marked fossiliferous band containing a Z, assemblage, which 
corresponds to the similar band in the Chepstow area. 

6. The base of C (the ‘ daminosa-dolomite’) contains a highly- 
fossiliferous oolitic limestone (the ‘Crease Limestone ’), wherein the 
fauna is identical with that which occurs at the same level in the 
Bristol areas 

7. A succession of highly-interesting dolomites, but practically 
unfossiliferous. 

8. A few thick limestone-beds (interstratified in many places 
with crystalline dolomites). This limestone (the ‘ Whitehead 
Limestone’) exactly resembles in its lithological character certain 
beds of 8, in the Bristol area, and since it contains the same fossils 
(Seminula, Productus, ete.) it can be unhesitatingly referred to the 
Upper Semnula-Zone. 

9. The ‘ Millstone-Grit.? Hence, in this district, the lowest 
‘Millstone-Grit’ is of Upper Seminula-age. 


(iv) Tue Cren-Hirr ARga. 


[I had an opportunity of examining the Carboniferous Limestone 
in this area during the recent visit of the Geologists’ Association to 
Ludlow, under the presidency of Dr. A. Smith Woodward, F.R.S. 

There are several very interesting problems connected with the 
peculiar development of the Carboniferous Limestone in this area ; 
but these may be safely left in the hands of Mr. E. Dixon, who has 
undertaken their elucidation. From my present point of view, the 
main interest centres in the possibility of testing the value of the 
faunal sequence which has been established for the Bristol area at 
a point not far removed from the main Midland outcrop. 

The Cleistopora-Zone may be dismissed at once, as showing the 
normal character. 

The quarries at Oreton are of more interest, since they allow of a 
comparison between the result of zoning by the assemblage of 
brachiopods and corals, and that of zoning by the fish-facies. 
Jn his ‘ Notes on the Geology & Fossils of the Ludlow District,’ * 


* Proc. Geol. Assoc, vol. xviii (1904) p. 431. 
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Dr. Smith Woodward makes the following remarks on the fish-teeth 
and spines found in the Oreton Limestone :— 


‘The fine teeth of Orodus ranosus and Sandalodus Morrisi, and the fin- 
spines named Ctenacanthus major and Ct. sulcatus, are identical with the fossil 
teeth and spines occurring in the Black Rock at Clifton, Bristol; but, so far as 
I have observed, there is no similarity between the Oreton fish-fauna and that 
met with in the bone-bed of the Lower Limestone-Shales at Clifton.’ 


In the Black-Rock Quarry at Clifton, fish-teeth and spines of the 
above types have been found at several levels, from the base up to a 
little beyond the middle of the quarry; but the beds in which they 
are most abundant occur at the top of this range. ‘This may be 
expressed in faunal units, by saying that the teeth and spines found 
at Oreton occur in the Bristol area at any point in the Zaphrentis- 
Zone, from the middle of Z, up to nearly the top of Z,. Their 
Seas occurs nearly at the top of Z,, above the maximum of 

Schizophoria resupinata and Cliothyris g glabristria, and just below 
that of Syringothyris cuspidata. 

I devoted a day to collecting in the Oreton Quarry, with the 
result that a specimen of Orodus ramosus was found below beds 
containing the following fossils :— 


Syringothyris cuspidata (very abundant). _ Orthotetes crenistria (common). 


Syringothyris aff. lamtnosa. | Reticularia aff. lineata. 
Camarotachia mitcheldeanensis (very | Productus cf. Martini. 

abundant). | Productus aff. pustulosus. 
Cliothyris glabristria. | Michelinia sp. 


Cliothyris Royssii (mut.). | Laphrentis att, Phillips. 


If, now, the range-diagrams (Pls. XXVIII & XXIX, facing 
pp. 244 & 246) be consulted, it will be seen that the only possible 
position in which a vertical line can be ruled so as to cut the 
ranges of all the fossils cited above it, must lie within the 
4aphrentis-Zone, and (in order to cut the ranges of Michelinia and 
Syringothyris aff. lannnosa) the line must be drawn in Zi. Ihe 
form of Productus cf. Martini and the abundance of Camarotachia 
mitcheldeanensis would suggest that the line must be drawn low 
down in Z,. 

I think it may be justly claimed that the two methods of 
zoning lead to identical results, and that the zonal position of the 
‘ Clee-Hill Marble’ is fixed beyond the possibility of question. 


In a clay just above the limestone on the south side of the Clee 
Hills,’ Syringothyris aff. laminosa is fairly common, and a single 
specimen of Schizophoria resupinata was found. This clay conse- 
quently occurs also in Z,. 

, 'The overlying beds are of great interest, but the partial absence 
of fossils forbids their reference to any definite horizon. 

The short distance at which the ‘ Millstone-Grit’ occurs above 


1 | had the great advantage of the help of Mr. FE. Dixon and Mr, O, T. Jones, 
in examining this portion of the Clee-Hill outcrop. 
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the clay already mentioned renders it probable that the entrance of 
the grit-facies was even earlier in the Clee-Hill area than in the 
Mitcheldean district. | 


= 


(vy) Tax Sovra-Watzs Ovroror. 


[I have recently had the opportunity of studying the faunal 
sequence in both the ‘ North and South Crops’; the former in the 
neighbourhood of Kidwelly, and the latter in the district around 
Tenby. Mr. Ernest Dixon, B.Sc., F.G.8., of H.M. Geological 
Survey, very kindly acted as guide, and, as he had already made 
out the stratigraphical relationship of the different exposures, I was 
able to test the value of the faunal sequence without any waste of 
time. 

Nothing could be more striking than the remarkable agreement 
of the faunal sequence in this area with that in the Bristol and 
Mendip areas. Liven the rarest forms have been found at precisely 
the.same level in the two regions. For example, a single specimen 
of a bryozoan (‘ Chetetes radians’?) has been found about the 
middle of §, in the Avon section, and exactly the same fossil occurs 
in the same position near Tenby. 


(a) The ‘ North Crop’ in the Neighbourhood of Kidwelly. 


The Cleistopora-Zone and Horizon (6 are typically developed in 
the ‘ Black Rocks’ near Llanstephan. 

No exposures in the Zuphrentis- or Syringothyris-Zones were 
observed. | 

The Seminula-Series is typically displayed in the large Fan 
Quarries, and here exactly the same forms occur at the same levels 
as in the Bristol area. For example, Cuniua cylindrica, mut., 
Lithostrotion basaltiforme, var., Productus 0, Lathostrotion Martini, 
and Seminula ficoidea characterize §,. Productus ati. Cora 
(mut. §,) occurs in §, with its usual associates, and here also 
Alveolites is not uncommon, together with Cyrtina carbonaria, 
which I have met with at the same level in the Wye quarries 
north of Chepstow, but have not yet recognized in the Bristol 
area.’ 

The lower part of D, was not made out. The upper part of D, 
is well shown, and exactly resembles the Sodbury development. 

D, is splendidly displayed, and contains the characteristic forms. 

Horizon ¢ is here a calcareous stratum, and abounds in Productus 
aff. scabriculus (cf. Pr. costatus), the form being identical with that 
found in the Avon section. Hence, the entrance of the ‘ Millstone- 
Grit’ phase is, zonally, somewhat later than in the Bristol area, 
where Horizon e occurs within the base of the Grit. 


' Cyrtina carbonaria is, however, very abundant at the base of S, in the 
Weston area, where a bed crowded with this fossil] was pointed out to me by 
Mr. Sibly. It has also been recently discovered at Wickwar (see above, p. 289). 
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(6) The Tenby Area. 


From Skrinkle Bay to Lydstep the series is almost complete, from 
the Old Red Sandstone up to (and including) the D, subzone ; not 
only is the faunal succession identical, but the relative abuudance of 
individual species is almost the same in the Tenby and Bristol areas. 

In ascending order we meet with :— 

M. A basal series exhibiting a strong Modzola-ostracod phase. 

K. The Cleistopora-Zone has all its characteristic fossils (Productus 
bassus was found at the base and Cleistopora near the top). 

Z. The lowest beds of Z, are, in the cliff-section, pinched out by 
a fault, but they are well shown in a neighbouring quarry. 

Z, is well developed,and abounds in Zaphrentes with their usual 
associates, Caninia becoming common at the top. 

y 1s moderately displayed. 

f The laminosa-subzone is largely dolomitic; but the upper 

C part of the Syringothyris-Zone is splendidly displayed, 

and 0. and bears a remarkable resemblance to the same level 
in the Mendip area. 

S, is apparently poor in fossils; a block, probably derived from 
this level, contained Productus aff. semireticulatus and 
Athyris cf. expansa. 

5, } are splendidly displayed and contain all the characteristic 
and D, fossils. 
D, was not, at the time of my visit, definitely made out. 


(c) West Gower (Glamorgan). 


In the Proceedings of the Bristol Naturalists’ Society, Dr. W. 
B. Gubbin gives an account of the development of the Carboniferous 
Limestone in the west of the Gower Peninsula. The large col- 
lection of brachiopods and corals which he had made was submitted 
to me for determination, and the results of my examination are 
embodied in a supplementary note to his paper. In this note 
I point out how striking is the resemblance between the faunal 
sequence in West Gower and that in the Avon section. | 


V. ComMPARISON WITH THE BetgiAN SEQUENCE, 


As I have no personal knowledge of the Belgian rocks, and have 
only read the general accounts given in the Belgian text-books, the 
following comparison pretends to no great value; the great amount 
of valuable work, however, which has been done by Belgian geologists 
in zoning the Carboniferous Limestone, forbids the entire omission 
of such a comparison. 

Since a large number of divisions are characterized solely by 
lithological characters, it is impossible to refer them to their correct 
place in my zonal system. It is, however, interesting to observe 
that the main horizon of dolomitization is the same in Belgium as 
in the Bristol area. 


256 DR. A. VAUGHAN ON THE PALAONTOLOGICAL [May 1905, 


A. Légende de la Carte Géologique de la Belgique, 1900. 


In the short account of the Carboniferous Limestone given in this 
pamphlet, the brachiopods mentioned are all long-range forms; it 
is, therefore, impossible, without a knowledge of the associated 
fauna, to correlate the different stages with any great degree of 
accuracy. 


T,. Fauna cited: Spirifer glaber, Sp. tornacensis, and Spiriferina 
octoplicata. 

Correlation: K, and probably Z,. 

Reasons: Spirtfer tornacensis belongs to the same species- 
group as Sp. aff. clathratus, which occurs in K,, becomes 
common in K,, and reaches its maximum in Z,. Spo- 
ferina octoplicata is rare in K,, characteristic of K,, and 

extends to Z,. Spirifer glaber I do not know with cer- 
tainty in the Bristol area. 


T,. Fauna cited: Spirifer Konincki (Sp. cinctus). Palechinids 
at the top. 

Correlation: Z,. 

Reasons: Spirifer Konincki is a member of the same species- 
group as Sp. tornacensis; it occurs in Z,, is probably com- 
monest in Z,, and ranges on to y. A specimen of Palechinus 
was found by Mr. W. H. Wickes at the top of Z,.’ 


V,. Fauna cited: Chonetes papilionacea. 
Correlation: C. 
[Note.—In my system C forms the top of the Tournaisian, and not 
the base of the Viséan. | : 
Reason: Presuming that giganteid Productt are rare or 
absent, Chonetes papilionacea is only abundant in and just 
above y, that is, in C. 


V,. Fauna cited: Productus Cora and Pr. guganteus. 
Correlation: S, and D. 
Reasons: Productus Cora is most abundant in 8,; Pr. gr- 
ganteus ranges from the upper part of 8, through D. 


B. The Works of Mourlon’ and Dewalque.’® 


I give my correlation without remark; the reasons will be 
apparent from my faunal tables. 


AsstsE I, Spiriferina octoplicata towards the bottom; Spiifer 
tornacensis at the top. 
Correlation: K and Z.. 


1 See above, p. 238, footnote. 

> *Géologie de Ja Belgique’ vols. i & ii (1880-81). 
‘Prodréme d’une Description géologique de la Belgique’ 2nd ed. (1&0) 
chap. vi. 
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AsstsE IJ. No fossils cited. 
AsstsE III. Orthis resupinata. 

Correlation: Z, (lower part). 
AsstsELV. Spurifer cusprdatus. 

Prof. Dewalque mentions the occurrence of Amplewus 
corallowdes in the lower part. 

Correlation: Z, (upper part): y; lower part of C. 
AssisE V. Large Huomphali. 

Correlation: top of C and 6 (the Bellerophon-Beds, in 

which large EHuomphali are common). 

AsstsE VI. Productus Cora and Pr. giganteus. 

Correlation: 8 and D. 


It is interesting to note that all the brachiopods mentioned by 
M. Mourlon and Prof. Dewalque occur in the same order in the 
Bristol area as in Belgium, and that they are correspondingly 
characteristic of the beds. 


C. The Parallelism of the Bristol and Belgian Sequence, 
by Prof. Max. Lohest.* 


Paleontologically.—The conclusion that the general resem- 
blance is complete rests on the occurrence at the same broad levels of 
the following fossils :—Small Rhynchonelle in M; Sp. tornacensis in 
K (Prof. Lohest comments on the absence of Spiriferina octoplicuta 
in K, but this is, of course, a mistake); teeth of fishes in Z; Productus 
Cora and Pr. giganteus in 8 and D. 

Lithologically.—The writer cites the encrinital character of 
the Tournaisian, but comments on the absence of cherts from the 
Upper Tournaisian (Zaphrentis-zone). In the Viséan he states 
that the Avon section is continuously oolitic, and comments on the 
absence of compact dark limestones.” 

The amount of similarity expressed by the above facts seems 
scarcely to warrant his conclusion. 


To sum up the comparison :—Such facts regarding the Belgian 
sequence as I have been able to quote are in agreement with the 
sequence as here set out for the Bristol area; but the fauna is too 
scanty to allow of close correlation. 


VI. SuMMARY AND ANALYSIs. 


The faunal sequence in the Bristol area is summed up in the 
table of ranges and maxima (pp. 243-247) and in the two range- 
diagrams (Pls. XXVIII & XXIX, facing pp. 244 & 246). 

These diagrams depict the rise and decline of each species-group, 
and tho positions at which its mutations are most abundant. ‘To u 


1 Ann. Soe. géol. Belg. vol. xxii (1894-95) Mém. p. 7. 

2 The lithological character of the Viséan in the Avon section is erroneously 
described, as dark compact limestones form there a very characteristic feature 
of the Seminula-Zone. 
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first approximation, it has been demonstrated, beyond all question, 
that the relative position of the various groups is constant 
throughout the whole of the Bristol area: that is, that the species 
succeed each other always in the same order, 

This statement holds true to a much higher degree of approxi- 
mation, when we consider the corals alone, or the brachiopods 
alone. In fact, the only deviations from absolute constancy in this 
case consist in displacements in the positions of the maxima, as we 
pass ‘from one point of the area to another. When, however, 
we measure the relative position of the corals by the brachiopod- 
sequence, or vice versa, there is a more important deviation which, 
although unimportant in a small area, would, if continued in the 
same sense to a considerable distance, need to be carefully allowed for. 

We can therefore obtain a second approximation which shall 
hold true at considerable distances, by leaving the relative suc- 
cession of the brachiopods unaltered, as also the relative succession 
of the corals, but by slightly displacing the one class relatively to 
the other. Very much more work must, however, be done in the 
Bristol and neighbouring areas (for example, in the Mendips and 
in South Wales) before the exact law of relative acceleration can 
be fixed. 

In so far as the Bristol area is concerned, the table of ranges is 
sufficient to enable any worker to determine the horizon of any 
exposure which lies within the area, to a considerable degree of 
accuracy. If he registers all the fossils that he sees, and also notes 
their absolute and relative abundance, he will have no difhculty 
in determining, from the diagrams, the approximate horizon at 
which the exposure lies. J have tested this over and over again, 
and the results have always agreed with the position of the exposure 
as determined by stratigraphical reasoning (whenever such reasoning 
was possible). Before studying the neighbouring areas, I claimed 
that the main object of my prolonged work was to this extent 
achieved, that any fossiliferous exposure, lying within the Bristol 
area, could be horizoned to an adequate degree of approximation 
by the use of the range-tables ; and I now go farther, and claim that 
the sequence established forthe Bristol area holds good 
throughout the South-West of England and in South 
Wales. 


Analysis of the Faunal Characters of the Zones 
and Subzones. 
The Modiola-Zone. 


This zone is a pre-Cleistopora-Zone, in which the typical Cleisto- 
pora-fauna makes its entry, but in which this fauna is as yet very 
incompletely represented. The occurrence of Modzola-like forms © 
associated with ostracods and Spirorbis does not in itself indicate 
any particular horizon, but rather marks a phase of sedimentation. 
The same association is to be found at several horizons in the 
Carboniferous Limestone of the neighbouring areas: for example, 
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in K, and again in §,. But it is a very suggestive fact that the 
transition from the Upper Old Red Sandstone into the Carboniferous 
Limestone, whenever that transition is continuous, is in the Bristol 
and surrounding areas always accompanied by this faunal phase. 

So far as I am capable of judging, the .Wodzola-like form which 
occurs in §, is quite distinct from JZ. lata; but,on the other hand, 
I cannot distinguish the form which occurs in K, from the index- 
form of the Modiola-Zone. Hence, it must be confessed that the 
Modiola-Zone is not yet satisfactorily separated from the succeeding 
zone by the presence of distinct forms, but is merely an earlier series 
of beds in which the Cleistopora-fauna makes its entrance. 

I do not, however, think that the Modtola-Zone should on this 
account be merged in the succeeding zone; for the Rhynchonellids 
are, at least in the Avon section, distinct from those occurring 
in the Cleistopora-Zone. It is also probable that some one among 
the numerous small gasteropods, which are so characteristic of 
these early beds, may ultimately afford a good zonal index. 


The Cleistopora-Zone. 


Whenever corals can be found, this zone is distinctly separated 
off from the Zaphrentis-Zone above by the presence of Cleistopora 
and the absence of Zuphrentis. To a certain extent, however, this 
separation is a mere matter of definition. It rests upon the fact 
that directly the early Zaphrentis-fauna is fully established, Za- 
phrentis is found and Cleistopora is absent; but a sharp separation 
of the two zones is impossible, for, throughout the upper part of 
the Cleistopora-Zone, the brachiopods characteristic of the lower 
Zaphrentis-Zone enter one by one, and become gradually and 
continuously commoner. 

Hence, from a purely-palzontological point of view, the separation 
of the ‘ Lower Limestone-Shales’ is a complete impossibility. The 
faunal facies of the included limestones, at the top of the ‘shales,’ 
is practically identical with that of the lowest beds. of the massive 
Limestone-Series, and the faunal continuity from the one into the 
other is perfect. Furthermore, the small variations at different 
points of the area in the faunal contents of the lowest beds of the 
massive Limestone-Series indicates that the junction of shales and 
limestone is not exactly at the same horizon throughout the area. 


The bassus- and octoplicata-subzones, 


These two subzones are the expression of an important change of 
facies. 
The bassus-subzone contains :— 
(1) Representatives of the earlier Modiola-fauna: for example, 
the same type of Retzid and the same form of Chothyris 
Royssv. 
(2) Characteristic forms, such as Productus bassus, Chonetes 
‘ Buchiana,’ 


(3) A characteristic fish-fauna (see above, p. 253). 
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The index-fossil is subject to small geographical variation, but is 
widely distributed (Bristol, Mendips, Forest of Dean, Tenby), and 
I have not myself found it outside its own subzone. 


The octoplicata-subzone contains :— 

(1) The early representatives of the Zaphrentis-fauna, which 
become more and more numerous in species and indi- 
viduals, until at Horizon 8 a characteristic Zaphrentis- 
facies is developed. 

(2) Very few characteristic forms ; the maxima of Cleistopora 
and of Sprriferina octoplicata, however, fall within this 
subzone. 


The Zaphrentis-Zone. 
This zone witnesses faunal changes of the greatest importance. 


(1) At the base Zaphrentids enter; in the upper part the 
typical Zaphrentis-group becomes the dominant faunal 
factor; and at the very top of the zone the Cunnia- 
group is evolved from a Zaphrentis-ancestor. 

(2) This zone includes the maximum development of the 
Orthids. 

(3) Starting with the maximum of Spirafer, 1t ends with that 

_ of Syringothyris. 

(4) The zone witnesses the mutational change of the small 
Productus cf. Martini into the typical Pr. semoreticulatus. 

(5) At the top of the zone, Chonetes papilonacea supplants 
Ch. cf. hardrensis as the dominant Chonetes. 

(6) A characteristic fish-fauna is developed (see above, p. 253). 


The clathratus- and resupinata-subzones. 


Whereas the clathratus-subzone exhibits a direct continuity 
and expansion of the Cleistopora-fauna, the resupinata-sub- 
zone witnesses the introduction of the laminosa-fauna (Caninia, 
Syringothyris aff. laminosa). The resupinata-subzone is well cha- 
racterized by containing the maxima of Zaphrentis, Schizophoria 
resupinata, and Clhothyris glabristria. 


The Caninia-Zone. 


If we adhere to a coral-basis for zonal division, Caninia is the 
only possible index that can be selected to succeed that of 
Zaphrentis ; and, although I have ultimately decided to relegate this 
index to a secondary place, it has undoubtedly a very considerable 
value, both from the point of view of field-work and from an 
evolutionary standpoint. 

The displacement of Caninia is based on the following con- 
siderations :— 

(1) When measured against the brachiopod-progression, the range of Caninia 
does not cover thesame terms at different puints of the Bristol area, as already 
pointed out (p. 185). 
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(2) If we take the limits of the Caninia-Zone to be defined by the two 
maxima of the gens C. cylindrica in the Avon section, the lower part of the 
zone contains a fauna which is characteristically Tournaisian, while the upper 
part exhibits a typically Viséan facies. 


The Caninia-Zone has consequently been divided into a lower 
subzone, the Syringothyris-Zone, which forms the top of the Tour- 
naisian ; and an upper subzone, which forms the base of the Viséan 
and is included in the Seminula-Zone, of which it forms the base. 


The Syringothyris-Zone. 


This zone is characterized by the dying-out of the Tournaisian 
fauna and the evolution of the Viséan. 


Examples: 


(1) Orthotetes crenistria occurs in profusion, as it does throughout the 
Tournaisian, but is associated with abundant Chonetes papilionacea, 
(2) Caninia cylindrica, which is enormously abundant at the base, gives 
rise by mutational change to the earliest member of the gens of 
Cyathophylluin Murchisoni (namely, Cyathuphyllui 9). 
(3) Productus Cora becomes more abundant, and Seminula appears for the 
first time. 
(4) The earliest forms of Lithostrotion and of the Clisiophyllids occur 
very sparingly. 
The zone is further characterized by the dominance of Syzingo- 
ihyrts, which is represented by typical forms of S. cuspidata and 


S. aff. laminosa. 


The Seminula-Zone. 


The abundance in individuals of Lithostrotion, Seminula, and 
giganteid Productus may be said to typify the Viséan facies. 

The Seminula-Zone is characterized by recurring layers, made up 
almost entirely of the shells of Seminula. This zone is naturally 
divided into two subzones :— 

The lower subzone or semireticulatus-subzone, in 
which the Seminu/a-fauna contains a few survivors of the Tour- 
naisian facies, such as Caninia, Syringothyrts, Productus senvi- 
reticulatus. 

The upper subzone or Cora-subzone, in which the 
Dibunophyllum-fauna is making its appearance. ‘This subzone 
is characterized by the occurrence of a particular mutation of the 
gens of Productus Cora. 


The Dibunophylium-Zone. 


This zone is one of the easiest to distinguish, on account of Its 
characteristic coral-fauna. 

The attempt to separate an ‘ Upper Limestone-Shale’ division, 
starting at the point where shales become prevalent in the Avon 


1 To avoid any interruption of the zonal discussion, the distinctness of these 
two faunas is demonstrated in a separate note. 


Q.J.G.8. No. 242. T 
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section, is, from a paleontological point of view, indefensible, for 
the following reasons :— 


(1) At the point where the shales start the Didbunophyllum-fauna is already 
well established, and the limestone-bands included in the shales contain a 
fauna which is indistinguishable from that in the topmost beds of the under- 
lying massive Limestone-Series. 

(2) In many localities the whole series is composed of massive limestones 
(for example, Tenby, the Mendips). 


The essential fact in the Dibunophyllum-facies is the dominance 
of the Clisiophyllid-family, and the ultimate impression of a 
Clisiophyllidan character upon the whole of the coral-fauna. 


The @¢ and Lonsdalia-Subzones. 


The 6¢-subzone is characterized by Clisiophyllids belonging to 
several sections ; the subzonal index itself represents a generalized 
division of the gens of Dibunophyllum turbinatum. 

This subzone contains the maximum of Cyathophyllum Murchisone 
in its type-form. In this form the Zaphrentid characters, which 
were so noticeable a feature of the early Cyathophylla (Cyatho- 
phyllum ¢, C, and 8,), have, in the Dibunophyllum-Zone, become 
almost entirely lost. 


In the Lonsdalia-Subzone the acme of the Clisiophyllidan 
phase of structure is reached. 

Lithostrotion which, up to this subzone, forms the staple element 
in the Viséan coral-fauna, gradually adopts the Clisiophylldan 
character and becomes merged in Lonsdalia. Cyathophylla of the 
type of Cyathophyllum Murchisoni, yielding to the same tendency, 
evolve forms of the type of C. regium. 

The gens of Dibunophyllum turbinatum reaches its maximum 
specialization in the group represented by Dibunophyllum w. 


Horizon e. 


This horizon is well characterized by a group of scabriculate and 
spinose Producti (Pr. cf. costatus and Pr. cf. semireticulatus), and 
contains the remnants of a Carboniferous-Limestone facies in the 
presence of Orthotetes crenistria and Productus Cora (mut.). 

The horizon being represented in widely-distant areas, and 
being the highest horizon at which a Carboniferous-Limestone fauna 
is found, forms a valuable datum-line for fixing the uppermost limit 
of the Carboniferous Limestone. 


The ‘ Millstone-Grit.’ 


The base of this lithological division is, as I have shown, a 
variable horizon. At Kidwelly it occurs immediately above 
Horizon ¢; at Bristol it occurs immediately above D,, so that 
Horizon ¢ is included in the ‘ Millstone-Grit’; at Mitcheldean it 
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occurs in 8,; and at Clee Hill it occurs soon after the close of the 
Tournaisian. 


Notes on the Distinctness of the Tournaisian and Viséan 
Faunas, tested by the Sequence in the Bristol Area. 


The following genera of corals occur in the Tournaisian, but do 
not extend into the Viséan :—Cleistopora aud Zaphrentis. 


The following brachiopod-groups are confined to the Tour- 
naisian :— 


Productus cf. Martini. | Camarotechia mitcheldeanensis. 
Chonetes cf. crassistria. Eumetria spp. 
Chonetes cf. laquessiana. _ Sptrifer aff. clathratus. 
Leptena analoga. Spiriferina octoplicata. 
Schizophoria resupinata. Syringothyris cuspidata. 
Rhipidonelia aff. Michelini. Cliothyris glabristria. 
The following coral-groups are confined to the Viséan :— 
Alveolites septosa. | Cyathophyllum Murchisoni (type). 
* Inthostrotion (all species). Cyathophyllum regium. 


* The family of the Clisiophyllids 
(including Lonsdalia). | 


The great brachiopod-group of the giganteid Producti is prac- 
tically confined to the Viséan (a few early forms. of Productus Cora 
are met with below). 


The following genera and gentes of corals pass up from the 
Yournaisian into the Viséan :— 


Syringopora: the only common Tournaisian circulus is Syringopora 0; the 
circuli in the Viséan are of ramulose and geniculate types. 

Michelinia: in the Bristol area I only know this genus in the Upper Tour- 
naisian ; it may extend into the base of the Viséan, where it is certainly rare. 

Caninia cylindrica: by its mutations this gens undoubtedly links the Upper 
Tournaisian with the base of the Viséan, and, on this fact, the Caninia- 
Zone was originally founded. 

Amplexus is essentially characteristic of the Upper Tournaisian, but probably 
extends, with Caninia, into the bottom of the Viséan. 

Cyathophylium @ is characteristic of the very top of the Tournaisian and of 
the base of the Viséan. 


The following genera and gentes of brachiopods pass up from the 
Tournaisian into the Viséan :— 


Productus semireticulatus: this gens, by its mutations, constitutes a genuine 
link between the two divisions. 

Chonetes papilionacea may be defined as a Viséan form, which has already 
become important in the Upper Tournaisian. 

Orthotetes crenistria is also a link of great importance; but, whereas it is 
enormously abundant throughout the Tournaisian, it is rare in the Viséan. 

Seminula is an essentially-Viséan genus, and is only found rarely at the very 
top of the Tournaisian. 





' See note under Cliothyris glabristria, p. 298. 
2 Very few early forms have been found in C, 


Tt 2 
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Cliothyris: it is doubtful whether the form found in §, really belongs to 
this genus. 

Syringothyris aff. laminosa is found rarely in 8,, but is essentially character- 
istic of the top of the Tournaisian. 


From the foregoing analysis, it seems to me beyond question that, 
in the Bristol area, the division of the Carboniferous Limestone into 
an upper and a lower part is thoroughly justified on purely-paleonto- 
logical grounds, and is also of great practical utility. In recognition 
of the great amount of exact work done by Belgian geologists, in 
elucidating the paleontological sequence in the Carboniferous Lime- 
stone of their own country, we are, I think, bound to accept the 
names which they have adopted for the two divisions. 

On the other hand, the designation Dinantian, as including the 
whole of the Carboniferous Limestone, seems hardlly justified by 
the continuity or clearness of the sequence in the district which 
has suggested the title. It cannot, however, be denied that it would 
be extremely convenient to have a single designation (other than a 
misleading lithological term) which should include the ‘ Lower 
Limestone-Shales’ at the base and the ‘ Upper Limestone-Shales ’ 
at the top, as well as the main mass of limestone. 

[As I have pointed out above, the detailed examination of the 
faunal sequence in the Bristol area demands that the division-line 
between a lower series (Tournaisian) and an upper (Viséan) should 
be drawn at the top of the Syringothyris-Zone. But, if I am 
correct in correlating the Lower Viséan of the Belgian Geological 
Survey with the Syringothyris-Zone of the Bristol area, the terms 
Tournaisian and Viséan, as employed by me in this paper, do 
not bear their original connotation: the zone C being included in the 
Viséan by Belgian geologists, and in the Tournaisian on my system. 

Under these circumstances, it seems better to avoid all chance of 
confusion by employing new indices for the whole of the Carboni- 
ferous-Limestone Series as developed in the South-West of England 
and in South Wales, as well as for its two great divisions. 

I consequently suggest the following classification :— 


f Dibunophyllum. 


KIDWELLIAN ... Somtain 
AVOMIAN 3... Syringothyris. 
CLEVEDONIAN ... ZLaphrentis, 
Cleistopora. 


Avonian, as synonymous with Lower Carboniferous, seems 
warranted by the completeness of the sequence in the Avon section 
(Bristol) and by the fact that the Avon Gorge has been recognized as 
a Classical section, since its minute description in Trans. Geol. Soc. 
ser. 1, vol. iv (1811-17) p. 197 & vol. v (1818-21) p. 95, by George 
Cumberland. 

Clevedonian satisfactorily connotes the Lower Avonian, since, 
in the neighbourhood of Clevedon (Somerset) :— 

(1) The zones of Cleistopora, Zaphrentis, and Syringothyris are all well- 
displayed; and 
(2) The Upper Avonian is practically absent. 
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Kidwellian is suggested ' as the index of the Upper Avonian, 
since, in the neighbourhood of Kidwelly (Caermarthen) :— 
(1) The Lower Avonian appears to be very incompletely developed ; 


(2) The Seminula- and Dibunophyllum-Zones are magnificently 
displayed.—A. V., April 8th, 1905.) 


Epitome of Conclusions. 


1. The faunal sequence is constant throughout the extended area 
in the South-West of England and South Wales. 

2. The study of the fauna affords clear evidence of evolution. 

3. The Tournaisian and Viséan facies are essentially distinct. 

4, The separation of a ‘ Lower Limestone-Shale’ Series at the 
base, and an ‘ Upper Limstone-Shale’ Series at the top, is opposed 
to the paleontological evidence. 

©). The base of the ‘ Millstone-Grit’ is not a definite level, but 
occurs at different levels in the Viséan in different localities. 

6. The transition of the Upper Old Red Sandstone into the Car- 
boniferous Limestone, where perfectly continuous, was accompanied 
by a particular faunal phase. 


I owe so much to the kindness of other geologists, who have so 
readily helped me during my work, that an adequate acknow- 
ledgment is entirely out of the question. 

My thanks are due to Dr. A. Smith Woodward, Dr. F, A. Bather, 
and Mr. Lang, at the Natural History Museum; to Mr. E. T. 
Newton, Mr. J. Allen Howe, and Mr. H. A. Allen, at the Museum 
of Practical Geology ; and to Mr, H. Bolton, at the Bristol Museum, 
for the great assistance which they have given me during my work 
at the collections housed in their respective institutions. Also to 
Mr. H. C. Piayne for permission to examine the Clifton-College 
collection; and to Prof. 8. H. Reynolds for much assistance during 
my work at the Stoddart Collection, preserved in University College, 
Bristol. 

I have also to thank Dr. Bather for naming crinoids, Mr. Lang 
for great assistance with the bryozoans, Dr, Wheelton Hind for 
naming my lamellibranchs, and Mr. J. F. Walker for very generously 
assisting me in brachiopod work by the loan of papers and specimens. 

To Prof. Lloyd Morgan I am indebted for much valuable in- 
formation, and above all for his unwearying appreciation and 
encouragement. 

J have to thank Mr. E. Dixon for his invaluable help during my 
visit to the Kidwelly and Tenby areas. 

To Prof. 8. H. Reynolds I am under a deep obligation for his 
continuous help, and in particular for his very valuable assistance 
in the examination of the Sodbury section. 


1 The final acceptance of this index-term must, however, await the detailed 
results of the present re-survey of the Kidwelly area by the officers of 
H.M. Geological Survey. 
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To Mr. T. F. Sibly I am deeply indebted for continuous help in 
the field-work, and without his assistance the examination of the 
Bristol area would have been far less comprehensive than it is. 

I have to thank Mr. W. H. Wickes and Mr. L. Richardson for 
some of my finest specimens. 

To Mr. J. W. Tutcher I owe the excellent photographs (reproduced 
in Pls. XXJI-XXVI) illustrating this paper, to the preparation of 
which he has devoted so much care. Several of the photographed 
specimens belong to his fine collection. 

T have also to thank the Director of H.M.Geological Survey and the 
Committee of the Bristol Museum, for permission to photograph 
specimens in the Jermyn-Street and Bristol Museums. 

T cannot sufficiently thank Mr. L. L. Belinfante, M.Sc., for the 
very great trouble which he has taken in editing an extremely- 
technical paper. 


VII. Notrs on tHE CoRALS AND BRACHIOPODS REFERRED TO 
IN THE Fauna Lists. 


The object of these notes is merely to explain the faunal lists, 
by indicating the interpretation which I intend each name to bear. 
For this purpose, no historical research into the priority of names 
is necessary, nor is it absolutely essential that the names should 
cover the original type. So long as the explanation and references, 
here given, are sufficient to particularize the form which each name 
is intended to denote, my object will have been completely achieved. 

On the other hand, I have endeavoured to employ each name 
in what I believe to be the meaning attached to it by accepted 
authorities, so that reference to easily-accessible figures is, in most 
cases, sufficient. For example: Productus Cora is employed in the 
sense in which I believe it to have been used by Davidson, not- 
withstanding the fact that it is doubtful whether the original type 
of the species is very closely allied to the forms here intended. 

In the case of important stratigraphical forms which only bear a 
limited resemblance to forms already figured, I have merely indexed. 
the forms by the addition of the letters 6, 4, | to the generic name. 
This method has the advantage of conveying definite information, 
without asserting relationship to somewhat similar forms the 
position of which, on the chronological scale, is at present unknown. 
Should both the Bristol form and the one already figured, to which 
it bears a certain resemblance, be found, later, to occupy the same 
chronological position, it will be rendered probable that both are 
mere local variants of the same gens, and they can then receive 
the same name. 

I have followed the same plan in cases where I consider that 
very distinct forms have been included under the same name, and 
where I wish to indicate only one of the forms so included. 
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(1) Nores on roe Corals. 
Introductory Explanation. 


For the determination of the corals, horizontal sections are 
indispensable, but the nature of the vertical section can usually be 
deduced from an examination of the horizontal section. 

Calicular views are of far less value, because they are rarely met 
with in the field, and, when seen, are as a rule partly obscured by 
matrix, or destroyed by weathering; they also give a misleading 
idea of the internal structure, both by exaggerating the relative 
importance of the secondary series of septa and by disguising that 
of the tabule. The horizontal sections figured in Pls. XXII- 
XXIV are photographed from thin slices by Mr. J. W. Tutcher, 
by a process which he has himself invented. 

The full titles of the works, referred to in these notes, are as 
follows :— 

Micuein, H.: ‘ Iconographie Zoophytologique.’ 1840-1847. 
M‘Coy, F.: ‘Synopsis of the Characters of the Carboniferous-Limestone 
Fossils of Ireland.’ Dublin, 1844. Folio. 
M‘Coy, F.: ‘Systematic Description of the British Paleozoic Fossils in 
the Geological Museum of the University of Cambridge.’ 1851. 
Mitne-Epwarps, A., & Harmen, Juuus: ‘ Monographie des Polypiers fossiles 
des Terrains Palzozoiques’ [ex Arch. Mus, Hist. Nat. vol. v]. 1851. 

Mitnz-Epwarps, A., & Haine, Juuus: ‘Monograph of the British Fossil 
Corals’ pt. ili (1852) pp. 150 e¢ segg. Paleontographical Society. 

Tomson, James: ‘On the Development & Generic Relation of the 
Corals of the Carboniferous System of Scotland’ Proc. Phil. Soe. 
Glasgow, vol. xiv (1883) p. 296; and earlier papers of the same 
author, in the same Proceedings. 

Vaueuan, Arruur: ‘ Notes on the Corals & Brachiopods obtained from 
the Avon Section & preserved in the Stoddart Collection’ Proce. 
Bristol Nat. Soc. n.s. vol. x (1903) p. 90. 


See also the general introductory remarks on p. 266, 


Alveolites. 
ALVEOLITES SEPTOSA (Ilem.). 
Here I include :— 


A, septosa, Edwards & Haime, ‘ Monogr. Brit. Foss. Cor. p. 157 & pl. xlv, 
figs. 5-5 0. | 
A, depressa, Edwards & Haime, ibid. p. 158 & pl. xlv, figs. 4-4 a. 


The relation of these forms is discussed in Proc. Bristol Nat. 
Soc. n. s. vol. x (1903) p. 95. 


Syringopora. 
It is very doubtful whether the so-termed ‘ species’ of this genus 
are anything more than circuli. 


SyRINGOPORA cf. DISTANS, Fischer. 


As interpreted in Edwards & Haime, ‘ Polypiers Foss. Paléoz.’ p. 286 & 
pl. xx, fig. 1. See also Proc. Bristol Nat. Soc. n. s. vol. x (1903) p. 98. 
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The Bristol forms w hich I include here have the following 
characters :— 

The tubes are moderately spaced, and have a general parallel 
trend, but are subramulose at considerable intervals. 

Horizontal Section.—Moderately-spaced single rings and 
dumbbell-like pairs are almost equally numerous: elongated inter- 
sections are rare. | 

Range.—Throughout the Viséan. 


SyRineopora cf. cpnrouLaTA, Phill. 

As interpreted in Edwards & Haime, ‘Monogr. Brit. Foss. Cor.’ pt. ii, 
p. 163 & pl. xlvi, figs. 2-2 a. 

Tubes closely packed and parallel ; connectors very numerous. 

Horizontal Section.—Closely-placed rings, the majority of 
which are connected. 

Range.—lI only know the typical form from D.. 


Sypineorora cf. RAMULOsSA, Goldf. 


As interpreted in Edwards & Haime, ‘Monogr. Brit. Foss. Cor.’ pt. in, 
p. 161 & pl. xlvi, figs. 3-3 ¢. 

Tubes greatly spaced and strongly flexed; the connectors are of 
equal diameter with the tubes. The Bristol form has narrow 
tubes. 

Horizontal Section.—The intersections are very sparsely 
distributed, and elongated intersections are frequent. 

Range.—lI only know this form with certainty from §. 


Syrinegorora 9, (Pl. XXII, figs. 1 & la.) (Cf. S. lava, Phill.) 


Coralhtes cylindrical, and arranged in parallel grouping. Con- 
necting-tubes distant. Geniculation scarcely noticeable at the 
junctions of the corallites with the connecting-tubes. Tabule 
distant and funnel-shaped. 

In a horizontal section, only a few of the cross-sections are 
connected, and there is seldom more than one oval tabular inter- 
section, within the cross-section of a corallite. 

Diameter of corallites=2 to 23 millimetres. The distance between 
the axes of adjacent corallites averages 4mm. ; the distance apart of 
connecting-tubes averages 10 mm. 


SYRINGOPORA cf. RETICULATA, Goldf. 

Tubes very narrow, parallel, and close-set. 

Horizontal Section.—The frequent grouping of four or five 
tubes, in such a manner that their cross-sections form short chains, 
produces a marked /Halysites-like appearance. 

Range.—This form is highly characteristic of C,. 


Cleistopora. 


Cierstopora aff. GEoMETRICA (Edwards & Haime). 


As interpreted in Vaughan, Proc, Bristol Nat. Soc. n.s. vol, x (1903) pp. 99- 
100 & pl. 1, fig. 3. 
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Michelinia. 


The reference of specimens to particular species can only be 
approximate, since the characters of the base are seldom seen. 
I have consequently, in most cases, contented myself with recording 
the genus. 


Micwetrnia cf, ravosa (Goldf.). 

As interpreted in Edwards & Haime, ‘Monogr. Brit. Foss. Cor.’ pt. i111, 
p. 154 & pl. xliv, figs. 2 6-2 ¢. 

Here may be placed the specimens from Z.. 


Micweninia cf. renvrsEpta (Phill.). 

As interpreted in Edwards & Haime, ‘ Monogr. Brit. Foss. Cor.’ pt. iii, 
p. 155 & pl. xhiv, figs. 1-1 0. 

Here [ include tall forms, composed of few corallites, with thin 
walls. J have only seen a few specimens from Z,,. 


MicHELinia MuEcAsroma (Phill). 

As interpreted in Edwards & Haime, ‘ Monogr. Brit. Foss. Cor.’ pt. ili, 
p. 156 & pl. xhiv, figs. 3-3 6. 

Here I include forms with thick walls and large corallites. 


This is probably the commonest species; it characterizes the top 
of Z, and the lower part of C. 


Amplexus. 
AMPLEXUs cf, CORALLOIDES, Sow. 


As interpreted in Edwards & Haime, ‘Monogr. Brit. Foss. Cor.’ pt. i), 
p. 173 & pl. xxxvi, figs. 1-1 e. 


I include here all the large cylindrical forms of the genus. 


Zaphrentis (restricted). F 


= Zaphrentis as employed by Edwards & Haime, with the omission of tho 
group of Z. cylindrica, which is here referred to Caninia. 


ZapHRentis aff, Puinyrest, Edwards & Haime. (PI. XXII, figs. 2- 
2e & text-fig. 2, p. 270.) 
Includes :— 
( Zaphrentis Phillipsi, Edwards & Haime, ‘ Monogr. Brit. Foss. Cor.’ pt. ili, 
p. 168 & pl. xxxiv, figs. 2-2 0. 
le Zaphrentis Griffith, Edwards & Haime, tbid. p. 169 & pl. xxxiv, figs. 3-3 a. 
Prox. Zaphrentis Phillipsi, Edwards & Haime, ‘ Polypiers Foss. Paléoz.’ 
p. 332 & pl. v, fig. 1. 
Non Zaphrentis Phillipsi, Thomson, Proc. Phil. Soc. Glasgow, vol. xill 
(1881-82) p. 222 & pl. iv, figs. 8-3 a. 

Corallum small, conical, and usually curved. The length seldom 
reaches 3 centimetres, average specimens being under 2 cm. long. 
Epitheca thick, with strong ruge. Calyx very deep, with a thin 
margin. 

Primary septa strongly thickened at the wall and also at their 
inner ends, where they are attached to the tabule. 
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The secondary septa are rudimentary, and are only represented, 
in a horizontal section, by a slight projection of the wall between 
ee primary septa; they are, however, more conspicuous in the 
calyx. 

Grouping of the primary septa.—On each side of the 
fossula there is a lateral group, composed of from five to seven septa, 
which unite at their inner ends to form the walls of the fossula ; 
the remaining (thirteen to fifteen) septa form a nearly-continuous 
antifossular series. There is a single, long but thin, fossular 
septum. 

Septal breaks and fossula.—The fossula forms a conspicuous 
break between the two lateral groups. Between each lateral group 
and the antifossular group, there is usually a less-marked septal 
break indicated by :— | 


(1) The stronger development of a 


Fig. 2.—A tabula of Zaphrentis 
aff. Phillipsi, represented by 


contours. 


a.d 


secondary septum, which bends 
round and- unites with the 
antifossular group. 

(2) The stronger development of the 
two terminal septa of the anti- 


fossular group, which frequently 
join across the centre of the 
section, so as to bisect it. 

This feature is extremely 
marked in the very young 
stage, when the fossula is in- 


couspicuous. 
1d. p 


oe 
There is, usually, some indica- 
tion of an antifossular septal 
break. 
~The tabule have a complex 
flexure, but their essential cha- 
racter is that of a dome with 
four grooves down its sides, as 
represented in the accompanying 
contoured diagram (fig. 2). 
Discussion.—The original figure of Zaphrentis Phillips: in the 
‘Polypiers Foss. Paléoz.’ pl. v, fig. 1, differs from the Bristol form 
in the presence of :— 


Fossula 


a.d, = Antifossular depression. 
.d. = Lateral depression. 


(1) More numerous septa, which are consequently less widely spaced. 
(2) Greater radial symmetry. 
(3) Indistinct lateral septal breaks. 


On the other hand, the description given in the ‘Monogr. Brit. 
Foss. Cor.’ pt. iii, was largely founded upon specimens in the Bristol 
Museum, which were derived from the Mendip area, and are quite 
typical Bristol forms. The authors attribute the differences between 
this form and their type to the suggestion that all the British 
specimens that they had examined were young forms. From the 
examination of thousands of specimens, I am, however, convinced 
that the above differences are constant, and represent true varia- 
tions of the adult stage. The position of the fossula is emphasized 
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by Edwards & Haime as an important diagnostic character; but I 
have collected, from the same bed, specimens in which the fossula 
is as often on the short side of the horn as on the longer one: 
whereas, in all the specimens, the characters of the septa and tabulz 
are identical. 

Zaphrentis Griffitht agrees with our forms in all the essential 
characters of septal grouping and tabular flexure, and only differs 
in its short and broad form aad in its more numerous septa. 

Zaphrentis Phillipsi (Edwards & Haime), Thomson, is illustrated 
by a very inadequate figure. From the author’s description, it is 
evident that the form with which he deals differs markedly from 
ours in the following characters :— 

The septa are thin, and pointed towards their inner ends. 


Three of the septa extend into the fossula, of which the central one is 
considerably the shortest and not more than half a line in length. 


ZAPHRENTIS aff. corNucop1la (Mich.),, Edwards & MHaime. 
(Pl. XXII, figs. 3-3 d.) 


Prox. Zaphrentis cornucopie, Edwards & Haime, ‘ Polypiers Foss. Paléoz. 
p. 331 & pl. v, figs. 4-4 a. 


Form: elongate, cornute. The average length is between 3 and 
4 centimetres. Epitheca with indistinct ruge and a few distant 
constrictions. Calyx circular, deep and cup-shaped, with bevelled 
rim, 

Primary septa strongly thickened at the wall, 35 to 40 in 
number, close and very regularly spaced, so that the symmetry is 
strikingly radial. 

Secondary septa short and thick, just projecting beyond the 
thick wall. Wall dense and thick, being formed by the thickening 
of the ends of both series of septa. 

Septal breaks and fossula.—tThe only conspicuous break is 
the fossula, which extends from the centre to the wall of the coral, 
and is bounded by vertical walls; in cross-section, it is slit-like 
and typically keyhole-shaped. 

The fossula is open throughout its length, but, near the outer wall, 
it is constricted by the elongation of two secondary septa, which 
bend round and become united with its lateral walls; a single 
rudimentary primary septum projects for a very short distance into 
the fossula. The fossula is, in every specimen that I have seen, 
on the side of the longer curve of the horn. 

Two inconspicuous lateral breaks are usually indicated by the 
elongation and bending of a secondary septum on each side. 

In the very young form, the structure approximates to that seen 
in Zaphrentis aff. Phillipst; the horizontal section is bisected by 
the meeting of the two terminal septa of the antifossular group, 


1 The figure given by Michelin, ‘Icon. Zooph.’ pl. lix, fig. 5, is characterized 
by Edwards & Haime (‘ Monogr. Brit. Foss. Cor.’ pt. iii, p. 167) as a very bad 
figure ; it agrees better, however, in elongated form, with the specimens common 
in the Bristol area than does the figure in the ‘ Polypiers Foss. Paléozoiques.’ 


~~ 
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while the fossula is less marked and is occupied by a prominent 
primary septum. 

The tabule are domes, with only one strong groove which forms 
the fossula. 

Discussion.—The species, as described and figured by Edwards 
& Haime, differs from our specimens in having (1) a short, broad-- 
angled form; and (2) an oval calyx. It agrees, however, in all 
the essential characters of septal grouping and tabular flexure. 

Evolution and mutation.—From the characters of very 
young specimens, it 1s most probable that Zaphrentis atl. cornucopia 
was derived from an ancestor closely allied to Z. aff. Phillips: ; on the 
other hand, the radial symmetry of the septa and the flexure of 
the tabule indicate early Caninia-like characters. These sugges- 
tlons are in agreement with the time-range of Zaphrentis aff. 
cornucopic ; it makes its first appearance in Z,, after Z. aff. Phillipse 
was well established, and reaches its maximum at the top of Z,, 
where Caninia begins to appear; it dies out in the lower part of 
the Syringothyris-Zone. 


Caninia, Michelin ; emended, M‘Coy, ‘ Brit. Paleeoz. Foss.’ p. 28. 
= Zaphrentis cylindrica and allies, Edwards & Haime, ‘Monogr. Brit. 
Foss. Cor.’ pt. iii, p. 171. 
= Campophyllum, Thomson (now Edwards & Haime), Proc. Phil. Soe. 
Glasgow, vol. xiv (1888) p. 375. 
== Caninia, Vaughan, Proc. Bristol Nat. Soc. n. s. vol. x (1903) p. 102. 


This genus resembles Zaphrentis in the well-developed fossula 
and the consequent axial symmetry. It differs from Zaphrentis in: 


(1) The predominance of the tabulate over the septate structure. 
(2) The insignificance of the outer wall and its replacement by a thick 
shell of vesicles. 


The genus Caninia was originally founded by Michelin to cover 
all corals having deep fossular depressions, the type being C. gigantea 
(in which were included both the Devonian and the Carboniferous 
forms). M‘Coy restricted the genus to its type-species, and re- 
defined it by the vesicular character of the wall. 

The differences of this genus from Campophyllum, Edwards & 
Haime, and from the Carboniferous Cyathophylla will be noticed 
later (p. 276). These differences have already been discussed in 
Proc. Bristol Nat. Soc. n. s. vol. x (1908) pp. 102-103. 


CaNIniIa oyLinpRica (Scouler). 


Siphonophyllia cylindrica, Scouler, in M‘Coy, ‘Syn. Carb. Limest. Foss. of 
Ireland’ p. 187 & pl. xxvii, fig. 5. 

Zaphrentis cylindrica, Edwards & Haime, ‘ Polypiers Foss. Paléoz.’ p. 339. 

Caninia gigantea, M‘Coy, ‘ Brit. Palewoz. Foss.’ p. 89. 

Zaphrentis cylindrica, Hdwards & Haime, ‘Monogr. Brit. Foss. Cor.’ 
pt. i, p. 171 & pl. xxxv, figs. 1-1 6. 

(Y Campophyllum Mur chisoni, C. cylindricum, C. gigantewn, Thomson, 
Proc. Phil. Soc. Glasgow, vol. xiv (1883) pp. 876, 377, 378 & pl. vii, 
figs. 4, 9, 11. 
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The general characters of this species have been sufficiently 
described by previous writers, but the following notes are intro- 
duced to explain the mutational stages. 

The central portion of the calyx, at an adult stage of growth, is a 
broad, flat tabula, surrounded by a circular, moat-like groove; the 
wall of the calyx is very thick, and its inner face slopes down to 
the groove. 

The septa are numerous, and are strongly developed in the region 
of the groove ; from this region they stretch inwards, along the face 
of the tabula, and outwards, along the sloping face of the wall. 
It is, as a rule, only im the immediate neighbourhood of the groove 
that the prolongations of the septa are sufficiently tall to reach from 
tabula to tabula, or from one layer of the vesicles, which form the 
inner surface of the wall, tothe next layer. Hence, the characters 
of a horizontal section are as follows :— 

The outermost vesicles of the thick wall usually show no septal 
projections, but these projections become longer and stronger as we 
pass inwards. 

The septa usually are strongly thickened in the region of the 
groove, though not uniformly so all round the whole circumference, 
the septa in the neighbourhood of the fossula being always the 
most strongly thickened. This phenomenon is probably connected 
with the fact that the tabule slope down to the fossula. 

The septa are cut off sharply where the plane of section cuts 
across a tabula. The interruptions of the septa, and the abrupt 
change from a thick septum to a thin one, are due to the fact that 
the plane of section, after cutting through one tabula, intersects the 
septa which lie on the next lower tabula. 


Mutational Forms. 
Mttartton y. (Pl. XXITI, fig. 1.) 
This form is characterized by the slight extension of the septa 
over the vesicular wall, so that, in a horizontal section, the septa 


are only represented by short projections from the vesicles in 
this region. 


Mourzarron §,. (Pl. XXIII, fig. 1a.) 


Caninia cylindrica, var. bristolensis, Vaughan, Proc. Bristol Nat. Soe. 
n. s. vol. x (1903) p. 103 & pl. i, fig. 4. 

Here, the septal prolongations are more strongly developed over 
the vesicular wall, so that, in a horizontal section, the external 
vesicular area is delicately radiated by continuous prolongations 
of the septa. There is also a greater development of vesicles in the 
interseptal spaces. 

In both these characters there is an approach towards a Cyatho- 
phyllidan structure, but the strong fossular depression, and the 
marked thickening of the septa in the middle of their length, 
separate this form as a true Caninia. 
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The Carboniferous Cyathophylla. 


The characters of the typical members of this single, compre- 
hensive gens are as follows :— 

(1) Very numerous septa, alternately long and short. 

(2) All the septa are of nearly-equal thickness, and the thickness of each 
septum is almost uniform along its length. 

(3) The long septa reach nearly, or quite, to the centre; and all the septa 
extend to the wall. 

(4) In the external area, which is radiated by both series of septa, the inter- 
septal spaces are crowded with small vesicles, 

(5) In the medial area, which is radiated only by the long septa, the inter- 
septal spaces contain few vesicles. 


CratnopHyttum @. (PI. XXIII, fig. 2.) 


This type may be considered to represent the Zaphrentis-like 
ancestor of the gens. 

Form: short, cornute, and broad-angled. 

The septa are of uniform thickness along their length, and only 
differ, one from the other, in being alternately long and short; they 
are considerably more wide-spaced than is the case in the more 
typical members of the gens. The long septa do not reach the 
centre, which is occupied solely by the broad tabule. 

There is a strongly-marked septal break at the fossula, which is 
occupied by a single, short septum; there 1s, also, a lateral inter- 
ruption of the septal sequence, marked out by the greater elonga- 
tion of one of the shorter septa. 

The interseptal vesicles are distributed, as in the typical members 
of the gens. 

The tabule are broad and vaulted, with a deep and narrow 
depression which forms the fossula. 


CyatHorpHyttum ¢ (Pl. XXIII, figs. 3-3 6.) 
= Cyathophyllum Stutchburyt, Wdwards & Haime (pars) ‘Monogr. Brit. 
Foss. Cor.’ pt. iii, p. 179. 
Besides the characters already noted as common to all the typical 
members of the gens, the following characters are important :— 


(1) In a vertical section : 

The tabule are low, broad plates, which occupy the whole region 
within the inner wall, but only the minority stretch continuously 
across from side to side; the majority are merely very broad, low 
vesicles which overlap one another. In this respect, the vertical 
section differs from that of a Caninia. 


(2) In a horizontal section : 

The numerous interseptal vesicles in the medial area represent 
the intersection of the tabular vesicles by the plane of section. 

The centre is usually free of septa, and occupied only by a few 
curvilinear intersections with the tabular vesicles. In the adult, 
this area is very reduced in size by the extension of the long septa 
almost or quite to the centre ; but in the young form (see Pl. XXIII, 
fig. 3a) there is a broad, central tabular area, free of septa. The 
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fossula is merely indicated as a narrow septal break, occupied by a 
single primary septum of shorter length than the others, and by the 
small, inward shift of the tabular intersections in that region (as 
in the representation, on a contoured map, of a valley in a hillside). 

The fossula is much more strongly marked in the young form. 


(3) External form: 

The general form is an elongated cone. 

The middle of the floor of the calyx is flat, in the few specimens 
in which I have been able to see this feature. 

Discussion.—Fig. 4, pl. xxxii, Edwards & Haime, ‘Monogr. 
brit. Foss. Cor.’ undoubtedly represents the species that I am 
here describing; but, as I have shown in Proc. Bristol Nat. Soc. n. s. 
vol. x (1903) pp. 110 et seqq., Cyathoph yllun Stutchburyi, Edwards 
& Haime (as originally defined ? by certain external characters), 
is identical with C. AMurchisont, Edwards & Haime. 

In their later work,’ Edwards & Haime give an almost iden- 
tical definition of the species, although they draw attention to the 
vertical section, which almost Sera belongs to a specimen of 
Cyathophyllum 9. 

They group, however, under C. Stutchburyi certain short, tur- 
binate forms, with a broad everted rim to the calyx. I have 
examined the vertical sections of similar forms, and I find that the 
central structure is purely vesicular, and agrees entirely with that 
characteristic of Cyathophyllum regium. These forms I have there- 
fore separated, as simple forms of C. regium. 

Under these circumstances, it does not seem possible to adopt 
C. Stuichburyi as the name of our species, and I have tentatively 
represented it by Cyathophyllum . 


CyrarHopHyLLumM Murcuisont, Edwards & Haime. 


Besides C. Murchisoni, as defined and figured by Edwards & 
Haime, ‘ Monogr. Brit. Foss. Cor.’ pt. 111 (1852) p. 178 & pl. xxxiii, 
figs. 3-36, I include here all those elongate specimens of C. 
Stutchbury which have not an essentially-tabulate structure. 

The characters of this species that essentially distinguish it 
from Cyathophyllum ¢, are the predominance of purely-vesicular 
structure in the central space and the extreme reduction of tabu- 
late structure. A full account of this species is given in Proc. 
Bristol Nat. Soc. n. s. vol. x (1903) pp. 110-14. 


CYATHOPHYLLUM REGIUM, Phil. 


I bere include :— 
Cyathophylluin ahs Edwards & Haime, ‘Monogr. Brit. Foss. Cor. 
pt. iii (1852) p. 180 & pl. xxxii, figs. 1-44. 
Cyathophyllum Stutchburyi, Edwards & Haime, ibid. pl. xxxi, figs. 1 & la. 
In Proc. Bristol Nat. Soc. n.s. vol. x (1903) pp. 114-15, I 
have given reasons for regarding the short, turbinate type of 


1 ¢Polypiers Foss. Paléoz.’ 1851, p 
2 ‘Monogr. Brit. Foss. Cor.’ pt. if (1852) p. 179 & pl. xxxi, figs. 1-2 a. 
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Cyathophyllum, with broad everted rims, as the simple form of 
C. reguun. 

The essential structure consists in the vaulted arrangement of 
fine vesicles in the central space, and in the absence of tabule. 


Evolution and Mutation of the Carboniferous 
Cyathophylla. 


All the forms that we have just considered constitute a singie 
gens, in the exact sense in which that term is here employed. 

It seems probable that, at the top of Z, or in y, occurred the 
ancestral Zaphrentis-like fornt, from which Caninia, Lithostrotion, 
the Carboniferous Cyathophylla, and the Clisiophyllids were evolved. 
Cyathophyllum 6, from just below y, only differs from Zaphrentis 
in the development of a vesicular external area. The relationship 
of such a form to Zaphrentis aff. cornucopie is, in reality, very 
close; for, if a horizontal slice of Z. aff. cornucopiw be examined 
under a microscope, the thick wall is seen to be veined by wavy, 
discrete, dark lines which run between the ends of adjacent septa, 
and the dense wall is due to the deposit of stereoplasma on each 
side of these dark lines. It is, then, possible that the dense wall 
of Zaphrentis aff. cornucopice differs from the vesicular one of 
Cyathophyllum @, only in the amount of the deposit of stereoplasma. 

Cyathophyllum 9, which characterizes the Syringothyris-Zone 
and reaches its maximum at 6, resembles Canina in the character 
of its tabule. It is, therefore, an interesting instance of parallel 
development and coval assimilation. 

Cyathophyllum Murchisont shows a further divergence from the 
simple tabulate structure. It reaches its maximum at the bottom 
of D,. 

ee Cyathophyllum regium, which is confined to D,, the original 
tabulate structure is entirely lost, and the Clisiophyllidan tendency 
is exhibited in the vaulted layers of fine vesicles which occupy the 
central space. 3 


Campophyllum, Edwards & Haime (non Thomson). 
This genus is distinguished from Caninia by the following 
characters :— 


(1) Almost perfect radial symmetry, due to the uniformly-developed ring of 
short, thick septa. 

(2) The absence, or very feeble development, of a fossular depression. 

(3) The uniformly-thick shell of vesicles between the two walls. 

(4) The strongly-developed outer wall. 

[See also Proc. Bristol Nat. Soc. vol. x (1903) p. 102.] 


CampopsyLium aff. Murcuison1, Edwards & Haime. 


I here include, tentatively :— 
(1) Campophyllum Murchisoni, Wdwards & Haime, ‘ Monogr. Brit. Foss. 
Cor.’ pt. 111 (1852) p. 184 & pl. xxxvi, figs. 2, 2a, 3. 
(2) Campophyllum aff. Murchisoni, Vaughan, Proc. Bristol Nat. Soc. n. s. 
vol. x (1903) p. 116 & pl. i, fig. 5. 


It will be safer to wait for more material, before attempting to 
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separate the different forms which I have tentatively referred to 
this group. All the specimens that I have collected occur in the 
Dibunophyllum-Zone. 

Form (1) has a narrow external area, of a JLzthostrotion-type 
of structure. Form (2) is characterized by strong ruge and a thick 
outer wall; the septal ring is separated from the outer wall by 
very large vesicles. The septa are well spaced. 


Lithostrotion. 


Until a very much larger series of accurately-horizoned specimens 
has been collected and studied, it will be vain to attempt a natural 
classification of this group founded upon true evolutionary modi- 
fication. I have, consequently, adhered, as closely as possible, 
to the artificial system of species recognized by Edwards & Haime 
in their ‘ Monograph of the British Fossil Corals.’ It is, however, 
important to draw attention to the principal modifications which 
affect the typical Lithostrotion-structure. 

The typical Lithostrotion-structure may be defined as follows :— 

(1) Well-spaced, alternate septa, all of which extend to the wall; all the 
septa are of nearly-equal thickness, and each septum varies very little in 
thickness along its length. 

(2) An external vesicular area in a horizontal section. This area forms a 
ring, of uniform width, within the wall; it is radiated by both series of 
septa, and the interseptal spaces are each occupied by one or more 
vesicles ; the inner boundary forms the inner wall of the corallite. 

(3) The tabula are conical or gently dome-shaped, without any definite 
fossular depression ; the septa extend inwards, for a greater or less 
distance, along the upper faces of the tabule. 

(4) From the centre of each tabula, an erect, laterally-compressed columella 
projects upward, and usually reaches the tabula immediately above. 


The following are the most important structural modifications :— 
(1) Diphyphyllidan modification. 

The columella is either absent, or does not stretch from tabula to 
tabula. ‘This type of structure is always associated with very 
broad, flattened tabule. It is common in the group of Lithostrotion 
Martim, but is extremely rare in L. irregulare and throughout the 
Nematophyllum-section. 

In this modification, the septa stop well short of the centre. 

(2) Koninckophyllidan modification (compare the structure 
of Koninckophyllum 60, Pl. XXITI, fig. 4). 

The external vesicular area is very broad, and the interseptal 
spaces are crowded with small vesicles. Lithostrotion affine and 
the whole Nematophyllum-section are examples of this type of 
structure. 

(3) Clisiophyllidan modification. (Pl. XXIII, fig. 5.) 

In a horizontal section, the central area shows the characteristic 
spider-web structure. This type of structure results from the 
shape of the tabule, which are strongly conical and radiated by a 
regular series of lamella. 


Q.J.G.8. No. 242. U 
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The figure illustrates a Lithostrot:on characteristic of the Debuno- 
phyllum-Zone ; this form resembles L. irregulare in its external 
characters. 

L. irregulare and the members of the group of L. Portlockt show 
a simple type of Clisiophyllid-structure. In a horizontal.section of 
any of these forms, a few of the larger septa are seen to extend to 
the thick columella, and they are crossed, in the central area, by two 
or three tabular intersections. 


(4) Lonsdalia-like modification. 


The septa are inconspicuous near the wall, and there is a peri- 
pheral area which is almost entirely vesicular. 

This type of structure is often partly developed in the typical 
Inthostrotion Portlocki, but is especially characteristic of its variety, 
L. ensifer, in which the walls themselves are feebly developed. 


Notes on the Species recorded in the Stratigraphical 
| Portion of this Paper. 


The Siphonodendron-Section. 
Corallites cylindrical ; growth dendroid. 


Lirnosrrorron Martini, Edwards & Haime. 
Here I include :— 


Lithostrotion Martini, Edwards & Haime, ‘Monogr. Brit, Foss. Cor.’ 
pt. iii (1852) p. 197 & pl. xl, figs. 2-29. 

I, Phitlipsi, Edwards & Haime, abid, p. 201 & pl. xxxix, figs. 3-3 a. 

Diphyphyllum lateseptatum, M‘Coy, ‘Brit. Paleoz. Foss.’ 1851, p. 88 & 
pl. iiic, figs. 10-10 d. 


The principal characters are as plore — 


(1) The presence (except in D. lateseptatum) of a distinct 
columella, not specially thickened. 

(2) Broad, nearly-fiat tabule. 

(3) The larger septa fall short of the columella, leaving a free 
space round it. 

(4) A small number of vesicles occurs in each interseptal space 
of the external area. 


There is great variation in :— 


(1) The diameter of the corallite, which varies, in specimens 
occurring at the same horizon, from 6 to 11 millimetres. 

(2) The grouping of the corallites——The same mass is often, in 
parts, extremely flexuous and coalescent (when it is usually 
named Lithostrotion Phillipsr); while, in other parts, the 
corallites are almost parallel. 

(3) The number of vesicles in the interseptal spaces of the external 
area.—This depends, mainly, upon the size of the corallites; a 
radial row of three or four vesicles may be regarded as the 
usual type, but in the smaller forms this number may be 
reduced to one only. 
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LirHosfROTION IRREGULARE (Phill.). 


Here I include :— 


Lnthostrotion irregulare, Edwards & Haime, ‘Monogr. Brit. Foss. Cor.’ 
pt. li (1852) p. 198 & pl. xh, figs. 1-le. 

Petalaxis Portlocki, Edwards & Haime, iid. p. 204 & pl. xxxviii, 
figs. 4-4 a. 


I include the last-named coral, on the evidence of specimens 
which appear to be merely forms wherein the corallites of Litho- 
strotion irregulare are very closely packed. 

Since it 1s customary to refer any narrow dendroid Lithostrotion 
to this species, and since no horizontal section has been figured by 
Edwards & Haime, [ append the following detailed account of the 
structure which I connote by the specific name :— 


(1) The corallites are narrow and closely packed, in parallel 
grouping. 

(2) In a horizontal section, the two walls are usually in contact, 
but when they are separate, the space between them is only 
divided up by the two series of septa. 

(3) In a horizontal section, a certain number of the larger septa 
extend to the columella, and the columella is usually con- 
tinuous, in the direction of its length, with two of the larger 
septa, so that the section appears to be bisected. 

(4) The tabulee are close-set and conical, so that, in a horizontal 
section, the central area exhibits a simple Clisiophyllid- 
structure. 


LirHostRorion JuNcEUM (Flem.). 
As interpreted by Edwards & Haime, ‘Monogr. Brit. Foss. Oor.’ pt. iii 
(1852) p. 196 & pl. xl, figs. 1-10. 


The Nematophyllum-Section. 
Corallites prismatic, forming a compact mass. 


LIvHOSTROTION BASALTIFORME (Phill.). 

As interpreted by Edwards & Haime, ‘Monogr. Brit. Foss, Cor.’ pt. iii 
(1852) p. 190 & pl. xxviii, figs. 3-3 0. 

A very common Bristol variety is described in Proc. Bristol Nat. 
Soc. n. s. vol. x (1903) pp. 106-108. 


The Group of Lirgosrrorion Porriocxi (Bronn). 
Here I include :— 


Lithostrotion Portlocki, Edwards & Haime, ‘ Monogr. Brit. Foss. Cor.’ 
pt. iii (1852) p. 194 & pl. xlii, figs. 1-1lg. 

L. ensifer, Hdwards & Haime, ibid. p. 193 & pl. xxxviii, figs. 2-2 a. 

L. M‘Coyanum, Edwards & Haime, édid. p. 195 & pl. xlii, figs. 2-2 6. 


For descriptions, see Proc. Bristol Nat. Soc. nu. s. vol. x (1903) 


pp. 108-10. 
v2 
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The typical member of this group, /ithostrotion Portlocki (Bronn), 
Kdwards & Haime, differs from Z. basaltiforme in (1) its smaller 
size; (2) its very strong columella; and (3) the common tendency 
to Clisiophyllidan and Zonsdalza-modifications. 


Mutations of Lithostrotion. 


Nothing can be stated with certainty concerning the evolution of 
this group. The earliest form with which I am acquainted occurs 
near the top of the Syringothyris-Zone ; it resembles Lithostrotion 
irregulare in its smaller size, in the strength of its columella, in 
the fewness of the septa, and in the conical tabule, but the inner 
and outer walls are never coalescent, and the septa do not extend 
to the columella ; it also differs in its ramulose manner of growth. 

The commonest forms of the two sections that are found in the 
Seminula-Zone are Lithostrotion Martini and L. basaltiforme. 
L, affine and L, aff. Portlocki make their appearance in §,. 

The Dibunophyllum-Zone is characterized by both Konincko- 
phyllidan and Clisiophyllidan modifications of the Siphonodendron- 
section, and by both Clisiophyllidan and Zonsdalia-like modifications 
of the Nematophyllum-section, as represented by members of the 
group of Lithostrotion Portlocki, 


The Clisiophyllids. 


In order to explain the terms employed in the explanatory notes 
which follow, it is necessary to describe, in detail, the horizontal 
section of a typical Clisiophyllid. 

Such a section exhibits four areas: central, medial, external, and 
peripheral. 


The central area is occupied by a system of curvilinear intersections, the 
fundamental plan of their arrangement being that of a spider’s web. 

The medial area is radiated only by the primary septa, and has few dissepi- 
ments in the interseptal spaces. 

The external area is radiated by the primary septa and, usually, by a less- 
developed secondary series. The interseptal spaces are crowded with 
dissepiments which, by their closer approximation at the inner margin of 
the area, form the inner wall. 

The peripheral area, at its inner boundary, usually merges, quite insensibly, 
into the external area; it is distinguished by the predominance of vesicular 
over radial structure. 

Septa :— 

The primary septa are, usually, very thin and inconspicuous in the peripheral 
area, but much thicker in the external and medial areas, the maximum 
thickness being attained at about the inner wall. 


The secondary septa are always very thin, and seldom extend inwards as far as 
the inner wall; they are often practically absent, or but partly developed. 


The various genera of this family which have been created by 
Thomson, Thomson & Nicholson, and Thomson & Duncan, are 
described and illustrated in Proc. Phil. Soc. Glasgow, vol. xiv (1883) 
pp. 296-502, pls. i-xiv.* 


1 This paper is a summary of numerous earlier papers which appeared in the 
same Proceedings. 
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These genera may be grouped in sections, as follows :— 


Section I. (The Koninckophyllum-Group.) 


This group is composed of Clisiophyllids in which the central 
area contains a thickened mesial plate, surrounded by a very 
simple network of few meshes. 

Here Koninckophyllum, Avophyllum, and Acrophyllum may, for 
the present, be placed together. 


Konincxopuyttum, Nich. & Thoms., may be regarded as having 
close affinity to Lithostrotion, combined with a Clisiophyllidan 
tendency. 

The affinity to Lithostrotion is shown in :— 

(1) The lath-like columella, and the simplicity of the structure of the 
central area, 

(2) The markedly-alternate septa; the two series are of almost-equal 
strength, and each septum is nearly uniform in thickness throughout 
its length. 

(3) The secondary septa reach almost, or quite, to the inner wall. 

The Clisiophyllidan tendency is conspicuous in :— 


(1) The very broad external area, closely packed with vesicles. 
(2) An extremely-simple type of Clisiophyllid-structure,in the central 
area. 


AxopHyLium (Edwards & Haime), Thomson. 


This genus has apparent resemblance both to Koninckophyllum 
and to Lonsdalia, but its true affinity is to the latter. 
It resembles Zonsdalia in :— 
(1) The highly-specialized Clisiophyllid-structure of the external area. 


(See under Dibunophyllum , p. 284.) 
(2) The development of a purely-vesicular peripheral area. 


It apparently resembles Aonnckophyllum in having a_ thick 
columella, surrounded by a very simple network; but, in the only 
form from the Bristol area that I include under this genus, the 
columella, when examined under the microscope, is seen to, be 
complex in structure and to contain, in itself, the probable repre- 
sentative of the entire central area of a Lonsdalia. Hence, the true 
place of this genus is probably in Section V (p. 286.) 


Acropuytium, Nich. & Thoms. 


This genus 1 propose to omit, at least for my present purpose. 

Those species which only differ from Koninckophyllum in the 
greater extension of the mesial plate across the central area, may 
well be placed in the genus Koninckophyllum; while those species, 
in which the external and peripheral areas exhibit a_ highly- 
specialized Clisiophyllid-structure, may be included in the genus 
Axophyllum. 

This separation will also be in accord with the periods at which 
the two divisions of Acrophyllum attained their maximum de- 
velopment; for Koninckophyllum has its maximum in D,, whereas 
Axophyllum is confined to D.,. 
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Examples from the Bristol Area. 


Koninckophyllum. 
KoninckopHytium 9. (Pl. XXIII, fig. 4.) 


The form is conical and elongate. 

The calyx is deep, and has a helmet-shaped boss projecting from 
its floor. A thick mesial plate forms the crest of the boss, and 
continues, as a lamella, towards the fossula. The sides of the boss 
are smooth, except for one or two inconspicuous lamelle. 

The horizontal section well exhibits all the characters of the 
genus, already explained. 


Axophyllum, 


AxopHyttuM 0, (Pl. XXIV, fig. 4.) 


The form is short, broad, and turbinate. 

The calyx is deep, and has a prominent, laterally-compressed, 
solid style projecting from its floor. 

The horizontal section exhibits the highly-specialized characters 
of the genus, as already explained. 

Microscopic examination reveals the essentially-complex, nature of 
the solid columella, as above stated. 


Secrron II. (The Dibunophyllum-Group.) 


This section comprises the most typical members of the family, 
in which the central area is strongly developed and exhibits a 
thickened mesial plate and well-marked lamelle. 

Here I include Dibunophyllum, Clisiophyllum, Aspidophyllum, 
and, tentatively only, Carconophyllum. 

Thomson points out the following distinctions beeen the three 
first-mentioned genera :— 


(a) In horizontal sections. 
In Dibunophyllum, Nich. & Thoms., the mesial plate stretches completely 
across the central area. 
In Clistophylluim (Dana), Thomson, the mesial plate crosses the centre, but 
does not extend to the circumference of the central area on either side. 
In Aspidophyllum, Thomson, the mesial plate is only conspicuous, between 
the centre and the cir cumfer ence of the central area, on the fossular side. 
(0) These distinctions correspoud to the following differences in the 
nature of the calicinal boss :— 
In Dibunophyllum, the boss is elongate and dome-shaped, with a long crest. 
In Clisiophyllum, the boss is conical, with a very short crest. 
In Aspidophyllum, the boss is shaped and crested like a fireman’s helmet. 


For the present, I shall include Aspidophyllum as a subgenus of 
Dibunophyllum, for two reasons :— 


(1) There appears to me to be no essential difference between the horizontal 
sections of Aspidophyllum, as shown in pl. xiii, figs. 7 & 8, Proc. Phil. Soe. 
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ceo vol. xiv (1883), and the sections of Dibunophyllum, shown in pl. xii, 
ge. 1, 2bid. 

(2) The helmet-shaped boss is a phenomenon cotnmon to all crested Clisio- 
phyllids ; it depends upon the fact that a more prominent lamella runs down 
the tent-shaped tabule, from one end of the crest into the fossnla, whereas the 
other end of the crest usually is sharply terminated and not continuous with a 
strong lamella (compare Koninekophyllum 0, p. 282). 


The distinction between Dibunophyllum and Clisiophyllum seems 
to be of more practical utility. 

Clisiophyllum includes all the Clisiophyllids of this section, in 
which the mesial plate is wholly included within the central 
area; and in which the radial lamelle are all thin and of similar 
character, so that the area presents a radial, rather than an axial 
symmetry. 

Dibunophyllum includes all the Clisiophyllids of this section, in 
which the thickened mesial plate extends nearly across the central 
area, aud is continued, as a more prominent lamella, into th 
fossula. | 

The distinction is, however, obviously only one of degree. 


Examples from the Bristol Area. 


Dibunophyllum. 


DrsunoPaHytLum 6. (Pl. XXIV, fig. 1.) 


The form is cylindrical. 

Horizontal section.—The central area is composed of open 
vesicles, and is bisected by a distinct, continuous plate, which is 
nowhere greatly thickened. 

The primary septa, 40 to 50 in number, are well-spaced, not 
specially thickened, and distinctly traceable, almost to the outer 
wall. The secondary septa are either absent or inconspicuous, 
extending only a short distance inwards from the outer wall. 

The septal break (‘ fossula’) is well marked, and the prolongation 
of the mesial plate projects into it. 7 

The external area is loosely vesicular, without a well-defined 
inner wall. 

Resemblances and differences.—The following horizontal 
sections, figured by Thomson (Proc. Phil. Soc. Glasgow, vol. xiv, 
1883), bear considerable resemblance to the Bristol form :— 


Clisiophyllum coniseptum (Keyserling), Thomson, pl. xiii, fig. 4, [In the 
Explanation of the Plate, it is called Clistophyllum Danai, Thomson. | 


Here, however, only a small central portion of the mesial plate is specially 
thickened; but axial symmetry is suggested. 


Histiophyllum Dicki, Thomson, pl. xii, fig. 6. 


Here, axial symmetry is suggested by the more prominent lamella, which 
extends into the fossula, but there is no specially-thickened mesial plate crossing 
the centre. [The genus Histiophyllum may be, perhaps, better placed in 
Section III.] 
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Dibunophyllum sp., Thomson, pl. xii, fig. 38. 
Here the central area is reduced, and the inner wall more strongly marked 
than in our species. This may be regarded as an intermediate stage between 


Dibunophyllum @ and Dibunophyllum wb. 


Disunopnytium ¢. (Pl. XXIV, fig. 1 a.) 
Proc, Bristol Nat. Soc. n. s. vol. x (1903) pl. i, fig. 6 (Cliscophyllum 


turbinatum). 

The form is cylindrical, of small cross-section. It may be regarded 
as a variant of Dibunophyllum @; it differs in the narrowness of 
the external area and, usually, in the presence of a secondary series 
of short, thick septa. 

Clistophyllum oblongum, Thomson, Proc. Phil. Soc. Glasgow, 
vol. xiv (1883) pl. xiii, fig. 2, appears to be a true Dibunophyllum, 
and to be closely related to our form. 


Disunorpuytium ~. (Pl. XXIV, figs. 2 & 2a.) 


This is a typical representative of the most highly-specialized 
members of this section. The form is short and conical. The 
calicinal boss has the typical characters of the genus. 

Horizontal section.—The central area has a well-defined 
boundary, which projects, as a cusp, into the fossular gap. The 
mesial plate is strongly developed, and continued into the fossular 
gap. 

The primary septa taper at both ends. The secondary septa are 
not prominent, although usually developed in a part, at least, of 
the external area. 

The external area is crowded with vesicles and bounded by a 
well-marked inner wall, which is formed by the very close ap- 
proximation of two or three rings of vesicles. The peripheral area 
is only partly developed. 

Resemblances and differences.—Chisiophyllum turbinatum, 
M ‘Coy, ‘ Brit. Paleoz. Foss.’ 1851, pp. 88 & 96, figs. a, b, c, appears 
to be a true Libunophyllum, but to differ from our species in the 
ratios of the areas and in a larger conical angle. 

Clistophyllum turbinatum (M‘Coy), Edwards & Haime, appears 
to include our form, as well as other conical Clisiophyllids which I 
regard as essentially distinct. From Nunney, near Frome (included 
in the list of localities from which the specimens, examined by 
Edwards & Haime, are derived), I only know a short, conical Clisio- 
phyllid which differs entirely from Dibunophyllum | in having a 
Zaphrentid-type of structure (see below). 

Clisiophyllum turbinatum (M‘Coy), Thomson, Proc. Phil. Soc. 
Glasgow, vol. xiii (1882) p. 537 & pl. vi, fig. 6, differs considerably 
from our form :— 


(1) Though a mesial crest is mentioned in the description, there seems to 
be no trace of a mesial plate in the figure. 

(2) The inner wall in Thomson’s figure is not nearly so strongly de- 
veloped as in our form. 
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The following figures of horizontal sections, given in Thomson’s 
paper, Proc. Phil. Soc. Glasgow, vol. xiv (1883), seem to denote 
species closely related to our form :— 


Dibunophyllum M‘ Chesneyi, Nich. & Thoms., pl. xii, figs. 2-2 . 
Aspidophylium ohovatum, Thoms., pl. xiii, fig. 7. 
Aspidophyllum Konincki, Thoms., pl. xiii, fig. 8. 


‘Clisiophyllum.’ 
‘ CLISIOPHYLLUM’ (CARCINOPHYLLUM) 0. (PI. XXIV, figs. 3-3 6.) 


This species cannot be regarded as, in any sense, a typical member 
of the genus Clisiophyllum ; it is only placed here tentatively, until 
its real affinities are better understood. 

Form: conical, usually elongated, and often curved. 

Epitheca: strongly rugose and, in specimens from D,, usually 
with hollow ‘ roots.’ 

Horizontal Section.—Central area marked out by a strongly- 
defined oval boundary. 

Mesial plate short, and entirely surrounded by a network of 
anastomosing intersections. Lamelle almost as numerous as the 
primary septa. The mesial plate and lamellae are, however, often 
indistinct. 

Primary septa, usually 33 in number, well spaced, thick, and not 
extending as far as the outer wall. Secondary septa short and stout, 
projecting inwards from the thick inner wall. 

Fossula: there is scarcely a suggestion of septal break. 

Peripheral area: narrow, but composed of large vesicles, and not 
radiated by prolongations of the septa. The loose texture of 
the peripheral area renders it peculiarly liable to destruction, a fact 
which affords an easy method of recognizing weathered specimens. 
In its structural details, this species presents a general resemblance 
both to Lonsdalia and to Campophyllum aff. Murchisont; the re- 
semblance to the former is, however, doubtless deceptive, whereas 
the resemblance to the latter is probably owing to true affinity 
(see below, p. 287). 

The only previously-described form to which ‘ Clistophyllum’ 0 
appears to be closely related is Carcinophyllum Kirsopranum, 
Thoms., Proc. Phil. Soc. Glasgow, vol. xiv (1883) pl. xii, fig. 9 a. 
This species agrees in all essential characters with our form, but 
has no mesial plate. Since, however, the mesial plate is not 
distinguishable, in certain sections which I have had cut from 
undoubted specimens of our coral, the reference of our species to 
Carcinophyllum seems justified. 


Section III. (The Cymatiophyllum-Group). 


Clisiophyllids which resemble the Dibunophyllum-group in all 
characters, except the special thickening of the mesial plate. The 
boss has consequently no crest, but is gently rounded, flattencd 
or slightly depressed on the top. 
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Here I include Centrophyllum, Rhodophyllum, Cymatiophyllum, 
and Albertia, all of them genera established by Thomson. 

It will be unnecessary, in this place, to discuss the value of the 
distinctions which Thomson draws between the above genera, 
since no examples have as yet been found, in the area with which 
I am dealing, that can be definitely assigned to this section. 


Sscrion IV. (The Aulophyllum-Group). 

Clisiophyllids, the central area of which is very sharply defined 
by a circular wall, projecting, as a cusp, into the fossular gap. 
The central area is composed of a network of vesicles, which are 
very minute round the circumference, but larger in the centre. 
The boss is a cratered cone. - 

I have not seen sufficient material to judge of the value of the 
separation of Cyclophyllum, Dana & Thoms., from <Aulophyllum, 
Kdwards & Haime. The only form with which I am personally 
acquainted from this area, seems to be identical with Cyclophyllum 
pachyendothecum, Thomson, Proc. Phil. Soc. Glasgow, vol. xiv (1883) 
p. 493 & pl. xiv, fia. 1. 


Section V, (The Lonsdalia-Group). 


Clisiophyllids with a sharply bounded central area, a strong inner 
wall, a narrow external area, and a strongly-developed peripheral 
area, composed of large vesicles. 

This group probably includes Awophylluim as well as Lonsdalia 
(see above, p. 281). 


Examples from the Bristol Area. 


Lonsdalia. 
LoNsDALIA FLORIFORMIS (Flem.). 
As interpreted in Edwards & Haime, ‘Monogr. Brit. Foss. Cor, pt. ii 
(1852) p. 205 & pl. xliti, figs. 1-2. 
A. dendroid variant of this type, resembling, externally, Lonsdalia 
rugosa, M‘Coy, is very common in the Bristol area. 


Lonspatia RueosA, M‘Coy, ‘ Brit. Paleeoz. Foss.’ 1851, p. 105 & 
pl. 3z, figs. 6-Ge. 
Typical examples are common in D, of the Avon section. 


Notes on the Evolutionary History of the Clisiophyllids, 
as developed in the Bristol and Neighbouring 
Areas. 7 


The earliest occurrence of the Clisiophyllids is in the Syringo- 
thyris-Zone of the Mendips and Tenby. These forms probably belong 
to a single species, which exhibits the following characters :— 


(1) The tabule in the central space are vaulted up into tall, laterally- 
compressed cones, regularly radiated by lamelle, and more or less 
conspicuously crested. 

(2) The primary septa are stout, and of nearly-uniform thickness throughout ; 
the secondary septa are short and stout. 

(3) A thick outer wall is formed by the thickening of the ends of the septa. 
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The nature of the outer wall and its relation to the septa are 
points of strong resemblance to Zaphrentis, while the arching of 
the tabule suggests a Zaphrentis-like ancestor. 

It has already been suggested, in considering the evolution of 
Lithostrotion, that, at the top of the Seminula-Zone and in the 
succeeding Dibunoph yllum-Zone, Lithostrotion came under a general 
Glisiophyliidan influence and gave rise, in one direction to the 
Koninckophylla, and, in the other, to the Dibunophylla. 

Of the Dibunophylla, the earlier examples, namely, Dibunophyllum 
6 and D. » (the maxima of which occur in D,), exhibit a compara- 
tively-simple type of structure. On the other hand, Dibunophyllum J, 
Lonsdalia florifornus, and Axophyllum 6, all of which only attain 
their maximum in D,, exhibit the most highly-specialized type of 
Clisiophyllid-structure. The great development of the vesicular 
peripheral zone in such a form as Lonsdalia floriformis would also 
suggest the apprvach to the end of a line of evolution. 

‘ Clsiophyllum’ (Carcinophyllum) 0, which reaches its maximum 
at the top of 8, and the base of D,, presents a problem to which 
there is as yet no solution. The well-developed peripheral zone and 
the excrescence of ‘roots’ in specimens from D,, would suggest that 
this form occurs there at the end of a line of evolution, rather 
than at the beginning or in the middle of such a line. 

Whatever may have been its origin, it seems most probable that 
both this form and Campophyllum aff. ALurchisont (Proc. Bristol 
Nat. Soc. n. s. vol. x, 1903, pl. i, fig. 5) had a common ancestry. 


(2) Nores on tHE Bracuropops. 
Productus. 


PRoDUCTUS BASSUS, Sp. nov. (Pl. XXV, figs. 1 & 1 a.) 


Compare James Hall, ‘Hleventh Annual Report of the State Geologist 
New York, 1891 (1892) ees to the Study of Brachiopoda’ pt. i; 
Productella costatula, Hall, p. 228 & pl. xxi, figs. 15-17 ; and Pr oductella 
hystricula, Hall, pl. xxi, fig. 21. 


Description.—Form: that of a small specimen of Productus 
cf. Martini (see below, p. 288). 

The convex valve is composed, in the neighbourhood of the 
beak, of concentric bands which often imbricate ; the ribs are- short 
and discontinuous near the beak, but become continuous over the 
anterior portion of the valve ; there are well-marked wrinkles on 
the shoulders ; the spines are short, but very abundant; not only do 
they form the terminations of the short discontinuous ribs in the 
beak-region, but they also project from the continuous ribs on the 
anterior portion, usually in concentric rows. 

Resemblances.—So close is the general resemblance of 
Productus bassus to Hall’s species (cited above) from the Chemung 
Group, that it seems highly probable that Pr. bassus also belongs 
to the subgenus Productella; I have, however, failed to find any 
trace of area or teeth in our specimens. 
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The only well-known species of Carboniferous brachiopoda to which 
Productus bassus bears any appreciable resemblance is Pr. aculeatus 
(cf. Davidson, ‘ Monogr. Brit. Foss. Brach.’ vol. 1, 1858-63, Pal. Soc. 
p. 166 & pl. xxxiii, figs. 18-19). 


Propuctus cf. Martinz (Sow.). (Pl. XXV, figs. 2 & 2a.) 


Convex valve.—The general form is approximately that of 
the specimen figured by Davidson op. cit. pl. xliii, figs. 2a & 20, 
under the name of Productus semireticulatus, but the valve is more 
elongate than in those figures, although never geniculate. The 
sides and medial area are remarkably flattened, so that a section 
through the hinge-line intersects the valve in a rectangle. There 
is seldom a distinct sinus. The ribbing varies from striate (when 
the surface appears nearly smooth) to close and thread-like (as in 
our figure). The spines are few and scattered. Semireticulation 
is usually well-marked. 

Concave valve.—This valve is truly geniculate, the beak-region 
being almost perfectly square and flat. Concentric wrinkles extend 
over the whole of the flat surface of the valve. 

Size.—The concave valve is usually less than 25 millimetres 
square. 

Discussion.—The type-form of Productus Martini (Sow.), as 
figured in ‘ Mineral Conchology ’ vol. iv (1823) pl. ccexvii, figs. 2-4, 
and as represented in Davidson op. cit. pl. xliii, figs. 7 & 7a, 
resembles Productus cf. Martini in its:—(1) square cross-section ; 
(2) elongate form ; (3) semireticulate ornament ; (4) small number 
of spines. But Sowerby’s type differs very considerably from our 
form in (1) the marked geniculation of the convex valve; and 
(2) the skirt-like extension of the convex valve. 

Since I have not met with Sowerby’s form in the Bristol area, I 
do not know whether Productus cf. Martini is genetically related 
to the typical Pr. Martini (Sow.). If both forms occur on a con- 
tinuous evolutionary line, the abnormal development of shell in 
Sowerby’s type would suggest that the true Pr. Wartini represents 
a late stage, whereas Pr. cf. Martini is certainly an early stage. 

Differences.—The square-cut sides and rectangular section, as 
well as the much smaller form, distinguish this species from a 
typical Productus semireticulatus. 

Variety.—Certain specimens from Z, have coarser ribbing and 
a distinct sinus, with a few symmetrically-placed large spines. 
This variety resembles Pr. longispinus, but it differs from that 
species in its more considerable size, and in the fact that the median 
section is always more rounded in the neighbourhood of the beak. 

Mutation.—The evolution of Productus semireticulatus from this 
form takes place during Z,, and is almost insensible. There can, 
therefore, be no hesitation in assigning Pr. cf. Martin to the gens of 
Pr. semireticulatus; but, since the typical Pr. semiretoculatus 1s only 
found above Z,, whereas the semireticulate Producti, found below 
that zone, belong almost exclusively to the Pr. ef. Martini section, 
it is useful to maintain the separate sections. 
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PRoDUCTUS SEMIRETICULATUS (Martin), as interpreted in Davidson’s 
‘Monogr, Brit. Foss. Brach.’ vol. 11 (1858-63) Pal. Soc. pl. xliii, 
nee. 

The characters of chief importance are :—T'he broad form; the 
sulcate or flattened medial area; flattened wings; strong semi- 
reticulation. 

The adductors in the convex valve are attached more anteriorly 
than is the case in the giganteid Producti (see below, p. 293). 

Evolution and mutation.—As already suggested, the typical 
Productus semireticulatus was probably evolved from forms closely 
allied to Pr. cf. Martina during the period represented by Z,. 

The typical form reaches its maximum at y and in the lowest 
part of C.' Near the top of S,, the gens is represented by a muta- 
tion with very long and numerous spines: this mutation has 
given rise to the title of ‘longispinus-bed’ for certain shales and 
thin limestones which occur near the top of 8,, in the Great 
Quarry, Clifton, Avon section; the shales are crowded with the 
spines and tests of this mutation. With this spinous mutation, we 
appear to have reached the end of a line of evolution, for no 
examples of semireticulate Producti are again met with in the 
Bristol or surrounding areas, until the occurrence of Pr. scabriculus 
in Horizon e, at the very top of the Carboniferous-Limestone 
Series. 

[Very common in the Mendip area," and especially characteristic 
of C,is a form similar to Productus semireticulatus var. concinnus 
(Sow.), as represented in Davidson’s ‘Monogr. Brit. Foss. 
Brachiop.’ vol. 11 (1858-63) pl. xliii, figs. 9 & 10. This form may, 
with great probability, be also traced back to Productus ef. Martini 
and, apparently, represents a divergent line of evolution, charac- 
terized by the gradual accession of a geniculate form and a coarser 
type of ornament. | 


Propuctus 0. (Pl. XXV, fig. 3.) 


General characters.—Hinge-line not exceeding the width of 
the shell. Shell large, often very large. Test thick, so that the 
pattern of the ribbing does not appear on the cast. 

Convex valve.—The body of the valve is almost globular, 
but it contracts rapidly towards the beak; the flanks are steep. 
The wings are flattened, and strongly marked off from the rest of 
the valve. The ribbing is fine, but distinct; the spacing of the 
ribs is maintained almost uniform over the entire valve, owing to 
the intercalation ef two or three fresh series of intermediate ribs. 
All the individual ribs of each new series start, approximately, at 
the same distance from the beak. The ribs of each new series are 


1 The evidence upon which these statements are founded rests, largely, upon 
an examination of the specimens which Mr. T. F. Sibly, B.Sc., has so carefully 
collected from the Burrington Section (Mendips), in the course of preparing his 
recently-published paper in the Proceedings of the Bristol Naturalists’ Society. 
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at first thin, but they soon acquire the same thickness as the ribs 
of the earlier series. The new ribs remain thin, longest, on the 
flanks. Concentric wrinkles are usually conspicuous on the wings, 
and are often indistinctly continued on to the beak-region. The ribs 
are finely crenulated by regularly-spaced annulations. The muscular 
impressions are of the general type seen in strongly-convex Producti 
(see text-fig. 3 & note below, p. 293), 

Resemblances and differences,—This form, which is very 
common in 8,, has always been recorded as Productus giganteus, 
on account of its large size, extreme convexity, and fine ribbing 
(characters which have also been responsible for the registration of 
Chonetes cf. comoides under the same name), 

Productus 6 differs from Pr. giganteus in the flatness of the wings, 
the shorter hinge-line, the narrower beak, and a distinct trace of 
semireticulation, and in these characters it shows an approximation 
to Pr. semireticulatus. In association with Productus @ are found 
large examples of Pr. semireticulatus, which only differ from the 
former in the flattening of the medial area of the convex valve and, 
consequently (see below, p. 293), in the more anterior position of 
the adductor-impressions, as well as in the stronger semireticulation. 

In the general type of ribbing, the uniform narrowing of the 
valve towards the beak, and the steep flanks, Productus 6 resembles 
Producius Cora {Dav.], and especially the mutation C. Productus 6 
differs, however, in the broad flattened wings and in the thick 
test. 

Evolution.—It seems probable that Productus 6 represents a 
complex type, formed by evolution from Pr. Cora [Dav.] mut. C, 
along a line characterized by strong assimilation to Productus 
semireticulatus. 

Discussion.—The great size of the shell and the thick test 
suggest that Productus @ is the culminating form of a line of 
evolution, and this suggestion is somewhat confirmed by the fact 
that, between the top of 8, and the top of S,, where the true 
Productus giganteus makes its first appearance, large Producti are 
absent in the Bristol area. 

T am, however, doubtful whether Productus 6 is more than a 
rather striking divergent from the gens of Pr. Cora | Dav.], for it 
seems almost impossible to separate the young form of Productus 60 
from the mutation of Pr. Cora [Dav.!, which is figured in Proc. 
Nat. Soc. Bristol, n. s. vol. x (1903) pl. 1, fig. 4, and occurs at nearly 
the same horizon. For this reason, it seems better to await more 
material before creating a new specific name. On the other hand, 
Productus § has an important stratigraphical value, wherefore it is 
essential, for my present purpose, that it should be described and 
figured. 


Propuctus Cora, d’Orb., Davidson. (Pl. XXV, figs. 4-4 6.) 


This is a large gens which includes, as a typical member, the 
form figured in Davidson’s ‘Monogr. Brit. Foss. Brach.’ vol. 
(1858-63) Pal. Soc. pl. xxxvi, figs. 4-45. All the following 
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characters are exhibited, in the same specimen, only by the most 
typical members of the group :— 

Form elongate, narrowing uniformly to the beak, with tall and steep flanks. 
Beak narrow and strongly arched. Hinge-line short, with short wings or ears. 
Ribs fine and sharp, with very narrow intermediates, Concentric wrinkles 


indistinct on the medial area, but becoming deep pleats on the wings. Test 
thin, so that the cast takes the pattern of the ribbing. 


Mutational Forms. 
Moratrton C, 


Wings usually flattened, with very strong pleats. The ribbing 
on the flanks is comparable in sharpness and alternation with that 
of an Orthotetes. The form is markedly broad, anteriorly. 

This form is very rare in Z,," more common in Z,, and abundant 
in C, Jt has already been suggested that Productus 0, which 
characterizes 5,, is perhaps merely an aberrant variant of the gens. 
of Productus Cora | Dav.}. 


Mutation 8,. (Pl. XXV, fig. 4.) 

A small form, not specially widened anteriorly. The short, 
usually-convex ears are strongly wrinkled, but not actually pleated. 
The ribbing is fine and of the more normal type, as described under 
Productus 0. Many specimens show broad, irregular wrinkles over: 
the entire valve. 

This form is especially characteristic of §,,. 

Pl. XXYV, figs. 4a & 4 6 illustrate a closely-related form, occur- 
ring in 8, and D,, which is remarkable for its extremely-fine. 
ribbing. 

Differences.—Productus Cora [Dav.] is likely to be confused 
only with Pr. hemisphericus; the differences between the two. 
forms are pointed out in the remarks on the latter species. 

Evolution.—The evolution of the gens of Productus Coru 
| Day.] appears to have been carried out in a distant region, and the 
early forms found in the Bristol area were probably introduced 
by migration. This suggestion is rendered probable by (1) the 
extreme rarity of the earliest members, and (2) the absence in 
our area of transitional forms, linking them with pre-existing 
Producti. 


PRODUCTUS HEMISPHERICUS, J. Sow. (Pl. XXV, fig. 5.) 


One of the original types is figured in Davidson’s ‘ Monogr. Brit. 
Foss. Brachiop.’ vol. 11 (1858-63) pl. xl, figs. 9-9 b. 

The shell is usually transverse, and the hinge-line does not exceed 
the width of theshell. ‘The beak is convex, but not strongly arched. 
The medial area slopes gently into the flanks. The wings are short, 
and somewhat cylindrically rolled. The ribbing is of the type 
already described under Productus 6. Concentric wrinkles are, 
as a rule, well marked on the wings, but are indistinct across the 


1 The only specimen that I have seen from Z, appears to be easily 
distinguishable. 
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medial area. A row of short, curved spines projects from the hinge- 
line of the convex valve. . 

Differences.—From Productus Cora [Dav.] this species is dis- 
tinguished by the more gradual slope of the sides, the broader and 
less-arched beak, and the stronger cylindrical rolling of the wings : 
typical examples are also much more transverse. 

From Productus giganteus this species differs in its smaller size, 
in the fact that the wings do not project beyond the rest of the shell, 
in the greater regularity and distinctness of the ribs, and in their 
conspicuous increase by intercalation, at definite concentric levels. 

Discussion.— Having collected numerous specimens from 
Mynydd y Gareg (near Kidwelly), the locality from which the types 
were obtained, and having compared them with specimens from the 
Bristol area, I am convinced of the absolute identity of the Bristol 
form with the type. Furthermore, this species abounds at the same 
horizon (D,) throughout the Bristol area as at Kidwelly. 

Varieties.—A form, in which the shell is extremely elongated, 
differs in no other characters, and must be considered as a mere 
variety. 

The figure (Pl. XXYV, fig. 5) illustrates a form, from the typical 
horizon at Sodbury, in which the beak is much narrower and the 
ribbing much stronger and more distinct than in the type-specimens. 


Propuctus GigantEus (Martin). 

As interpreted in the following figures :—Davidson, ‘Monogr. Brit. Foss. 
Brachiop.’ vol. 11 (1858-63) pls. xxxvii-xxxviil, & pl. xxxix, figs. 1, 4. 

The characters of most importance are:—The produced and 
eylindrically-rolled wings; the broad beak sloping gradually into 
the rest of the valve; the irregular intercalation of the ribs, which 
are commonly flexuous; and finally, the transverse form. 


Propuctrus Puncratus (Martin), Davidson. 


Specimens, apparently identical with Davidson’s, op. cit. pl. xliv, 
fig, 12, have been found by Mr. T. F. Sibly, in 8,, in the Weston 
area; I have also seen a specimen, similar to fig. 9 of the same 
plate, from Black-Rock Quarry, Tenby(S, and D,). A scabriculate 
mutation, which is almost perfectly convex, with a very narrow and 
strongly-arched beak, is common in D, and Horizon e. 


Propuctus pustutosus, Phil., Davidson. 


This gens seems to exhibit continuous mutation, but I have 
collected too little material as yet to speak definitely. 

A form like Davidson’s, op. cat. pl. xli, fig. 2, is common in y, 
at Burrington Combe, and I have collected variants of this gens from 
Vee cay, aad C. 


PropucTUs scABRICcULUS (Martin), Davidson. 

The commonest form in the Bristol area appears to be almost 
identical with Davidson’s, op. cit. pl. xlu, figs. 5 & 6, but the semi- 
reticulation is usually more strongly marked in our specimens, 


Vol. 61.] SEQUENCE IN THE BRISTOL AREA. 293 


The median ridge in the interior of the concave valve is grooved, 
as In fig. 8a of the same plate. 

From the coarseness of the ribbing, this may be called the 
costate form, since the specimens bear a strong resemblance to 
Productus costatus. There is a variety in which the ribbing is very 
much finer and the semireticulation much clearer; this I term the 
semireticulate variety. 

Specimens occur in D, and e, but the maximum is in e. 


Note on the Position of the Adductor-Impressions 
in the Convex Valve. 


The strain on the muscle at its point of attachment to the convex 
valve must be in the direction of the stress caused by contraction, 
and hence must act along the muscle. This strain will naturally 

cause displacement 

Fig. 3.—Muscular scars in the convex valve. of the area of at- 
tachment, until the 
stress is at right 
angles to that area. 
Hence, if the valve 
to which the ad- 
ductor is attached 
becomes more con- 
vex, there will be 
a shift of the area 


a of attachment to- 
wards the beak : 
Productus Cora [Dav.]. the reverse shift 
NS) Mutation from 8. taking place in a 
aN flattened or sulcate 
\ valve. For this 

A) 


reason, the relative 
positions of the 
adductors and di- 
= ductors is similar 

| in the convex forms 
| Productus gigan- 
{sam teus, Pr. Cora, Pr. 0, 





—= = 





aff. semireticulatus. and Chonetes co- 





i Si. moides, but differs 
\ \ from that observ- 
\W able in the sulcate 


forms of Productus 
semireticulatus. The 
accompanying diagrams (fig. 3) illustrate this point (see also under 
Chonetes aff. comoides, p. 295). 
Chonetes. 
Cronetes cf. HARDRENSIS, Phil. (Pl. XXVI, figs. 1 & 2.) 
T have retained the name hardrensis, because it does no more 


Q.J.G.8. No. 242. x 


a = Adductors. r = Diductors. 
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than connote certain characters which are common to a great 
number of Chonetes, without implying genetic relationship. In 
addition to the generic characters, Chonetes cf. hardrensis implies 
small size, slight convexity, and the increase of ribs by forking and 
intercalation. On the other hand, Ch. layuesstana, de Kon., can 
only be correctly applied to a particular group of the hardrensts- 
circulus, which is characterized by a strongly-transverse shell and 
very fine ribbing. 

The distinction of the forms which occur at different horizons 
must necessarily depend upon very small differences, but will 
probably be possible when a very large number of specimens have 
been collected from each horizon. At present, I am unable to 
separate definitely from certain Tournaisian forms the specimens 
which occur in D, and ¢ in the Bristol and surrounding areas. 

On the other hand, certain varieties apparently characterize par- 
ticular zones throughout the Bristol and surrounding areas. For 
example, a characteristic form (Chonetes cf. laguessiana) of the 
Lower Tournaisian (K and Z,) has a flattened, strongly-transverse, 
rectangular shell and very fine, close striz. Compare Davidson, 
‘Monogr. Brit. Foss. Brachiop.’ vol. 11 (1858-63) pl. xlvii, fig. 19 ; 
but usually the form is nearly as large as fig. 19 6. 

Davidson, op. crt. pl. xlvii, fig. 13, gives the form, and in fig, 12¢ 
the manner of ribbing, characteristic of that mutation which is 
abundant at the top of the Tournaisian (C); in this form the 
shell is nearly semicircular, and moderately convex. 


Cuonetes cf. cRAssistRiA (M‘Coy) and Cuonerss ‘ Bucutana,’ Dav. 
(?de Kon.), Davidson, ‘ Monogr. Brit. Foss. Brachiop.’ vol. ii 
(1858-63) pl. xlvu, figs. 17, 28 & pl. lv, fig. 12. 


I am far from satisfied that the shell, which is so characteristic 
of K, in the Bristol area, has been correctly referred to Chonetes 
Buchiana, de Kon., by Davidson. The concentric, erect lamination, 
so characteristic of the Bristol form, appears to be entirely absent 
from the type of de Koninck’s species. 

Chonetes cf. crassistria is employed in the text, to cover small 
Chonetes with coarse ribbing which forks on the hardrensis-plan. 
There is a complete transition between these forms and Chonetes 
‘ Buchiana’, Dav. The ribs in a typical example of Chonetes cf. 
crassistria often exhibit the transverse, erect scales which charac- 
terize Ch. cf. Buchiana; and, by a diminution in forking, Ch. cf. 
crassistria passes imperceptibly into Ch. cf. Buchiana. 


CHONETES PAPILIONACEA, Phil., and Cuonerss cf. comorpEs (J. Sow.). 
(Pl. XX VI, fig. 3.) 


Compare Davidson, ‘ Monogr. Brit. Foss, Brachiop.’ vol. ii (1858-63) pl. xlvi, 
figs. 3-5. 
Chonetes papilionacea denotes finely-ribbed, flattened forms, with 


a thin shell. The pits in the under layer of the test are 
small, circular, and adjacent. 
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Chonetes att. paprilionacea denotes the group of early papiliona- 
ceans; it comprises large forms, in which one valve is 
markedly convex, and the pits are elongated and well-spaced. 

It seems probable that Chonctes Dalmaniana, de Kon. (Davidson, 
op. cit. pl. xlvi, fig. 7), is the link between the Tournaisian forms 
of Ch. cf. hardrensis and the present group: for, where this form 
is abundant, Ch. cf. hardrensis becomes rare, and the convex early 
papilionaceans make their first appearance. 

In some localities the convexity of the early papilionaceans 1s so 
great that the shells may easily be mistaken, at first sight, for 
Productus guganteus, This form I have denoted by Chonetes cf. 
comoides, a8 L am unacquainted with the internal characters. 


Cronetes aff. comorpss (J. Sow.). (Pl. XXVI, fig. 4 & text-fig. 4.) 
2 meer’ Davidson, ‘ Monogr. Brit. Foss. Brachiop.’ vol. ii (1858-63) pl. lv, 
gs. 0-0. 
This is a thick-shelled papilionacean of considerable con- 
vexity, charac- 
Vig. 4.—Jnterror of a convex valve of Chonetes aff. teristic, so far 
comoides. (The teeth are omitted, and the as I know, only 
area is worn down, so that tt shows the tubulk, of the Dibuno- 
t, which communicate with the bases of the phyllum - Zone 
spines.) and the Upper 
Seminula-Zone, 
where it is 
associated with 
Productus gi- 
ganteus. 

Inarea, teeth, 
and the row of 
spines along the 
cardinal ridge, 
it is a typical 
Chonetes, but 
the muscular 
impressions are 
practically iden- 
tical with those 
of Pr.giganteus. 

From Ch. co- 
mozdes our form 

a = Adductors. v = Diductors. differs only in 

¢ = Auxiliary adductors. L = Depressions. less convexity 

s = Medial septum. at the beak, and 
inithe presence of distinct tubuli, which run obliquely through the 
shell, under the area, and communicate with the bases of the spines 
on the cardinal ridge. It is a remarkable instance of the approxi- 
mation of characters in cognate forms, existing at the same time, 
that, while Chonetes aff. comoides simulates Productus giganteus in 
all its characters (except area and teeth), it is not unusual to find 

me 


—— 
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examples of Productus giyanteus at the same level, which have 
developed a narrow hinge-area and show distinct traces of tubuli, 
beneath the area, in communication with a series of spines along the 
cardinal ridge ( Chonetiproductus). 


Leptena. 
Luprena ANALOGA (Phil.). 


As interpreted in Davidson’s ‘Monogr. Brit. Foss. Brachiop.’ vol. ii (1858- 
' 63) pl. xxviii, figs. 1-8 (Strophoiena analoga). 


Orthotetes. 
ORTHOTETES CRENISTRIA (Phil.). 

As interpreted in Davidson’s ‘Monogr. Brit. Foss. Brachiop.’ vol. ii (1858-63). 
pls. xxvi & xxvii (Streptorhynchus crenistria). 

The forms of this large gens undergo continuous modification, and 
consequently specimens found at two horizons, separated by a con- 
siderable vertical interval, are conspicuously distinct. To this gens, 
at least throughout the areas which I have myself examined, the 
labour-saving formula—‘ there are no greater differences between - 
the differerit varieties than could be found between individuals 
occurring in the same bed ’—most assuredly does not apply. The 
individuals seen in a particular bed are usually exact duplicates of 
one another, and, all alike, differ from the forms occurring in an 
earher or later zone. 

Without increasing very considerably the number of plates, it is 
impossible to give a satisfactory account of the mutations of the 
gens; I shall consequently content myself with the description of 
two striking mutations only. 


Morarion Z characterizes the Zaphrentis-zone, and especially Z,. 

The brachial valve is globose; the hinge-area is broad and 
Streptorhynchus-like ; the hinge-line is usually produced into short 
ears; the ribs are close-set, and the alternation of ribs is made. 
out with difficulty. 

The convexity of the brachial valve and the type of ribbing make 
it often difficult to distinguish this form from Schizophoria resupinata, 
with which it is found associated. This is another instance of the 
approximation of co-existing cognate forms. 

Mvration C. Characteristic of the lamznosa-subzone. 

This mutation is typically Strophomena-like. The brachial valve. 
is convex, the hinge-area narrow, and the alternation of ribs very 
distinct. There is often a medial depression in the brachial valve 
(cf. Orthotetes crenistria, var. Kellit, M‘Coy). 


Schizophoria. 
ScHIZOPHORIA RESUPINATA (Martin), Davidson. 
Davidson, in his ‘ Monogr, Brit. Foss. Brachiop.’ vol. i1 (1858-63). 
pl. xxix, figs. 1 & 2 (Orthis resupinata), represents the form’; but 


! The Bristol forms, common in Z,, have, however, a much ceeper brachial 
valve. 
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the dimensions of the Bristol specimens are considerably less than 
those of Davidson’s figures. 


Rhipidomella. 


Rurprpomenta Mrcueit (L’Eveillé), Davidson. 
Davidson, ‘Monogr. Brit. Foss. Brachiop.’ vol. ii (1858-63) pl. xxx, 
figs. 6-8 (Orthis Michelini). 

[A species of Rhipidomella, with strongly-marked beak and hinge- 
area, which bears a strong resemblance to 2h. Michelini, occurs very 
rarely in e. | 

Cliothyris. 


Criornyris Royssrr (I’Eveillé). 

Fig. 8, Davidson, op. cit. pl. xviii (Athyris Royssii), represents the typical 
form and ornament. 

Chothyris Royssii mut. 8 is described and figured in Vaughan, 
Proc. Bristol Nat. Soc. n. s. vol. x (1903) p, 124 & pl. ii, fig. 2. 

This mutation is a more globose shell, usually of smaller size, 
with a broader beak and a larger perforation. It occurs most 
abundantly at a higher horizon than the typical form, but is 
connected with that form by a perfectly-continuous serics of 
intermediate stages. 


CLIOTHYRIS GLABRISTRIA (Phil.). (Text-fig. 5.) 
The general form is represented in Davidson, op. supra cit. pl. xviii, fig. 1 
(Athyris Royssii). 
This Athyrid is distinct, both in form and dimensions, from 
the typical Cliothyris Royssii, and it occurs, moreover, at a higher 
level, being especially 


Hig. 5.— Cast of pedicle-valve of characteristic of the 
Cliothyris glabristria. Aaphrentis-Zone. 
Chothyris glabristria 


has,until now, been re- 
corded from theBristol 
area as ‘Sporefera’ 
glabra, and it 1s ex- 
tremely difficult, when 
the beak-region is 
obscured and_ the 
fringes are absent, to 
distinguish the two 
species one from the 
other by external 
characters alone. 

The internal cha- 
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a = Adductors. o == Ovarian markings, Pact h 
+ = Diductors. d = Walls of pedicle-: racters arc, however, 
cavity formed by the dental plates. completely distinct: — 


A Martinia, of 
which genus the true Spirifer glaber is the type, has no dental 
plates and inconspicuous muscular scars. 
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A Cliothyris has the internal characters common to all Athyrids,' 
namely :— 

In the pedicle-valve : strong dental plates which form the tall, vertical walls 
of the pedicle-cavity. Elongated diductor-impressions, ruled lengthwise by 
strong parallel ridges (see fig. 5). 

In the brachial valve: a strong mesial septum, with two pairs of narrow 
adductor scars on either side. 


Reticulavia aff. lineata (see below, p. 299), which has, approxi- 
mately, the same range as Clhiothyris glabristria, has the same 
general form and the same internal characters (enumerated above); 
consequently, specimens of CZ. glabristria which retain the fringes 
have a remarkable resemblance to Reticularia aff. lineata. When 
the beak-region can be clearly made out, it is easy to distinguish 
the two species, by the fact that the apex of the beak in a Reticularia 
is typically non-perforate and the hinge-area is well developed. The 
two species are also satisfactorily separated by the under layer of 
fine close-set, radiating, scabriculate ribs which characterize the 
genus /eticularia; but even this character is somewhat. simulated 
in the Athyrid by the occurrence of distant, radiating ridges beneath 
the outer layer of the test, which are represented on the cast by 
faint ridges. 


CLIOTHYRIS GLABRISTRIA, mut. 


At the top of Z, we meet with elongate forms, transitional towards 
Seminula ficoidea, in which the characteristic fringes are merely 
suggested by faint strie and the shell has acquired the tall beak 
and sloping shoulders of S. ficordea. 

In 8, of Burrington Combe, Weston,? and Lydstep an Athyrid 
occurs which exactly simulates Cliothyris glabristria in general 
form. The outer layer of the test is, however, produced into 
imbricating expansions, which do not form fringes as in a Cliothyris. 
Kach of the expansions is a continuous sheet, with broad, low radial 
ribs ; and specimens from which the expansions have been removed 
still exhibit a characteristic broad reticulation. 

This form must be named <Athyris cf. glabristria; it bears the 
same relationship to Athyris planosulcata that Cliothyris glabristria 
does to Cliothyris Royssi. 

I have accepted with some hesitation Davidson’s dictum that the 
figure to which reference is made above actually had a spinose 
investment, seeing that most of the specimens that I have examined 
from Midland and Northern localities appear to me to belong to 
Athyris, and not to Cliothyris. 


Seminula. 


‘The internal characters are the same, as regards septa and scars, 
for all Athyrids, and are illustrated by the diagram of Clrothyrzs 


1 These characters are less developed in Cliothyris Royssti than in CZ. glabri- 
stria, so that it is not difficult to separate the transverse variant of Cl. Royssé 
that rarely occurs in K,, from a typical Cliothyris glabristria the external 
form of which it simulates. 

2 Mr. T. F. Sibly discovered this form at Weston, where it is abundant in 
certain beds. He has kindly allowed me to examine and describe his specimens. 
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glabristria (fig. 5) and by Davidson’s figures of ‘ Athyris’ ambigua 
(‘ Monogr. Brit. Foss. Brachiop.’ vol. ii, 1858-63, pl. xvii, figs. 15 
& 14). 

The absence of fringes (and therefore of external striations), to- 
gether with the more Terebratuloid form, distinguishes Seminula 


from Cliothyris. The presence of internal spires separates Seminula 
from Dielasma. 


SEMINULA FICOIDEA, Vaughan. 


Described and figured in Proc. Bristol Nat. Soc. n. s. vol. x (1903) pp. 122-24 
& pl. ii, figs. 1-1 0. 


SEMINULA amBIevA (Sow.), Davidson. 


As represented in Davidson’s ‘Monogr. Brit. Foss. Brachiop.’ vol. ui 
(1858-63) pl. xv, figs. 15-18 & pl. xvii, fig. Ll (Athyris ambigua). 

I have seen very few specimens of this species in the Bristol 
area ; the most typical of these were found in the Failand district 
at Horizon 0. Mr. T. F. Sibly has, however, quite recently found 
the species abundant at the top of the Syringothyris-Zone, in the 
Burrington section (Northern Mendips), and near Weston; it 1s 
by his kindness that I am permitted to make this important 
statement, as to the zonal position of this well-known form. 

A well-marked mutation occurs at the top of 8, and in D. 


Reticularia. 
Reticunaria aff. ringata (Martin). 


The Bristol form, from the Zaphrentis-Zone, has usually a much 
deeper sinus than is represented in Davidson’s ‘ Monogr. Brit. Foss. 
Brachiop.’ vol. ii (1858-63) pl. xiii, fig, 9 & pl. xi, fig. 10 
(‘ Spirifera’ lineata), which are, however, the two figures that 
most closely represent our form. 

This species has commonly been referred to ‘Sprrifer glaber,’ 
but the close-set radial ribs, under the outer layer of the test, and 
the internal characters of septa and muscular scars, leave no doubt 
as to its true generic position.’ The typical lineation is usually con- 
spicuous, but the surface is occasionally almost smooth, Impressions 
of the external surface often exhibit the concentric rows of twin- 
pores very beautifully. 

The assimilation of this species to Cliothyris glabristria in general 
form has already been pointed out, but the well-developed area in 
Reticularia aff. lineata completely distinguishes the two forms. 


‘SPIRIFER GLABER ’ (Martin), Davidson. 


This species, as interpreted by Davidson, stands in need of careful 
revision, based on differences of internal structure. The typical 
Martinia glabra has not yet been met with in the Bristol area. 


1 Of. James Hall, ‘Thirteenth Ann. Rep. of the State Geologist N. Y. 
1893-94): Introd. to the Study of Brachiop.’ pt. ii, pl. xxv, fig. 12. 
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Spirifer. 
SPIRIFER aff. ctarHRatus, M‘Coy, Vaughan. (Pl. XXVI, fig. 5.) 


As interpreted in Vaughan, Proc. Bristol Nat. Soc. n. s. vol. x (1903) 
pp. 125-27 & pl. 11, figs. 3-3.¢c. Also compare L. G. de Koninck, ‘Sur 
le Spirifer mosquensis & sur ses Affinités avec quelques autres Espéces du 
méme Genre’ Bull. Mus. Roy. Hist. Nat. Belg. vol. ii (1883) pp. 371-402 : 
Sp. tornacensis, de Kon. p. 386 & pl. xiii, figs. 1-9, and Sp. cinctus, 
A. de Keys. p. 383 & pl. xv, figs. 3-8. 

The characters of this bisulcate Spirzfer have been fully discussed 
in my paper above cited. I have merely to add that the two forms 
(which were erroneously described as mutations) can only be re- 
garded as varieties, which are continuously connected by intermediate 
stages; their ranges are approximately the same, and therefore 
their distinction is a matter of no stratigraphical importance. 

The large form, however, figured in pl. ii, fig. 8, Vaughan, op. 
cit., resembles Spirifer cinctus, and is only common from the top of 
Z, up to y. 


SPIRIFER aff. MosQquENsIs, Fischer, de Kon. 
Compare L. G. de Koninck, Bull. Mus. Roy. Hist. Nat, Belg. (1888) p. 379 
& pl. xiv, figs. 1-11. 

A few specimens of a form which is, apparently, closely allied to 
this species have been found in D, (Avon section and Wick). 

It is extremely interesting to note that the gens occupies the 
same position in the Bristol area as it does in Russia, namely, above 
the maximum of Productus guganteus. 


SPIRIFER cf. eRanpIcostatus, M‘Coy, Davidson (pars). 
Non Spirifera grandicostata, M‘Coy, ‘ Brit. Paleoz. Foss.’ 1851, p. 417 & 
pl. iii D, fig. 29. | 
A Spirifer, similar to that figured by Davidson, in ‘ Monogr. 
Brit. Foss. Brachiop.’ vol. 11 (1858-63) pl. vu, fig. 8, occurs rarely 
in D,, in the Bristol and surrounding areas. 
Spiriferina. 
SPIRIFERINA OcToPLicaTa (Sow.), Davidson. (PI. XXYVI, fig. 6.) 
Compare Davidson, op. cit. pl. vii, fig. 40 & pl. liv, fig. 10. 
The form figured by Davidson, op. cit. pl. vii, figs. 60 & 61, under 
the name of Spiriferina partita, Portlock, is extremely common at 


Horizon 3. It is connected, by insensible gradations. with the 
more typical form which is characteristic of K. 


Syringothyris. 
SyRineorHyRis aff. ramrnosa (M‘Coy), (Davidson) pars. 
Compare Davidson, ‘ Monogr. Brit. Foss. Brachiop.’ vol. ii (1858-68) pl. vii, 
figs. 18 & 19 (‘ Spirifera’ laminosa), and the area as shown in fig. 17. 
The nature of the area, of the ribbing, and of the mesial fold and 
sinus are well expressed by.Davidson’s figures. The test is per- 
forated by sparse tubuli (puncte). 
The very important internal characters are as follows:—Brachi 
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valve: short mesial septum. Pedicle-valve: strong dental plates ; 
inesial septum. Within the delthyrium, there is a distinct rostral 
callus and a trace of syrinx. I have not as yet obtained un- 
equivocal proof of the existence of a syrinx, but the presence of a 
rostral callus is indisputable. 

The rostral callus and the mesial septum in the brachial valve, 
from their resemblance to similar structures in Syringothyris cusp?- 
data, seem to be sufficient reason for assigning our specimens to 
the genus Syringothyrzs rather than to Spiriferina. 

From Spiriferina octoplicata our species differs in the presence 
of :—(1) a rostral callus; (2) a mesial septum in the brachial 
valve; (3) much larger size and more numerous ribs ; (4) and the 
ungrooved mesial fold. 

From Syringothyris cuspidata our species differs in the strong 
and separate ribs, and also in the laminose ornament and the 
narrower, more concave area. From Syringothyris distans it differs 

in the absence of ribs on the fold, and in the sinus. 


SYRINGOTHYRIs cusPrpata (Mart.). 


The typical form, which is characteristic of the top of Z, and C, 
is well depicted in Davidson’s ‘Monogr. Brit. Foss. Brachiop.’ 
vol. i1 (1858-63) pl. viil, figs. 21-23 (* Spirifera’ cuspidata). 

Syringothyris aft. cuspidata, which is common from the top of 
K, to Z, is a smaller form, with lower cardinal area and a narrow 
deep sinus which has, usually, tumid walls; the ribs on the pedicle- 
valve are broad and flat, and separated only by mere stric. 

The gens of Syringothyris cuspidata seems to be essentially 
characteristic of the Tournaisian: it is abundantly represented 
from the top of K, up to the top of C. It culminates in the very 
large typical form that appears to indicate the end of its long 
line of evolution. The occurrence of this large typical form 
seems consequently to mark a very definite and important datum- 
level, which has a true evolutionary basis. 


Cyrtina. 


CYRTINA CARBONARIA (M‘Coy). 
M‘Ooy, ‘ Brit. Paleoz. Foss.’ 1851-55, p. 442 & pl. iii D, figs. 12-15 
(Pentamerus carbonarius) ; Davidson, ‘ Monogr. Brit. Foss. Brachiop.’ 

vol. 11 (1858-63) pl. xv, figs. 5-14. 

This species has not, as yet,’ been definitely recognized in the 
Bristol area, but in surrounding areas it is an important zonal fossil 
and characterizes the Upper Seminula-Zone (Chepstow, Kidwelly, 
Weston, and Tenby). 

Humetria. 
KUMETRIA spp. 

James Hall, ‘Thirteenth Ann. Rep. State Geologist N. Y. (1893-94): 
Introd. to Study of the Brachiop.’ pt. ii, p. 795 & pl. xxxvii, figs. 1-12. 
Compare also Jetzia carbonaria, Davidson, ‘ Monogr, Brit. Foss. 
Brachiop.’ vol, ii (1858-63) pl. li, fig. 3. 


en 





1 See under Wickwar, p. 239, footnote. 
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I have not, as yet, sufficient material to be justified in assigning 
the Bristol forms to definite species. 


The specimens agree with the definition of Ewmetria in :— 


(1) The form and the absence of mesial fold and sinus. 

(2) Purely radial ribbing, without distinct axial symmetry. 

(3) Alate cardinal extremities in the brachial valve. . 

(4) The elevated cardinal area, formed laterally of two concave, narrow 
strips, which are separated from the rest of the valve by strong ridges. 

(5) The triangular delthyrium and the foramen. 


All the specimens are much smaller than the form figured by 
Davidson, and Davidson’s figure is moreover unreliable, as it is 
merely a restoration of a very poor specimen ' (which is preserved in 
the Museum of Practical Geology, Jermyn Street). 


Camarotechia. 


CAMAROTECHIA MITCHELDEANENSIS, sp. nov. (Pl. XXVI, figs. 7-7 b 
& text-fig. 6.) 


External characters.—Shell small and slightly transverse ; 
medial area of brachial valve flattened on the fold; median line of 
each valve strongly convex near the beak, but becoming less and 
less curved until, near the frontal margin, it is almost straight. 


Fig. 6.—Brachial valve of Camaroteechia mitcheldeanensis : 
. plon of hinge-region. 





s = Mesial septtun, splitting into two sheets near the beak, and supporting 
the hinge-plate along the suture-line dd. 
«x = Gap between the hinge-plates, which are in contact below (this gap is 
probably exaggerated in the specimen figured). 
hp = The hinge-plates, from which the crural bases (c) project. 
b = The sockets (crenulated). 


Fold and sinus well marked; their line of intersection deeply 
trapezoidal. Ribs angular, nearly straight, prominent from beak 
to margin, and separated by deep angular furrows; three (less 
commonly four) ribs on the fold; two (less commonly three) ribs 
in the sinus; five or six ribs on either flank of each valve. 


1 This specimen was obtained from Skrinkle Bay, and therefore from the 
same horizon as the Bristol forms. 
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CARBONIFEROUS-LIMESTONE CORALS. 


Bemrose, Collo. 


J. W. Tutcher, Photo. 
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Beak small, narrow, pointed, curved, but not recurved. Area 
and delthyrium usually exposed to view. 

Internal characters.—Pedicle-valve: Cardinal area repre- 
sented by two narrow, concave strips, sharply marked off by ridges. 
Dental plates well developed, and forming the walls of the pedicle- 
cavity. Nospondylium. Brachial valve (see fig. 6, p. 302): 
Hinge-plate formed of two concave plates, which are separated 
by a gap at the beak, but are united below. Mesial septum well 
developed, and split near the beak into two separate sheets, which 
form the cruralium and support the hinge-plates. Dental sockets 
crenulated. 

Dimensions. 
Average transverse dimension = 11°5 millimetres; extreme = 14 mm. 
Average axial dimension = 10 mm.; extreme = 12 mm. 
Average normal dimension = 7 mm. 


Trapezoidal intersection of fold and sinus: depth = 5:25 mm,; width, 
top and bottom = 2°75 mm. and 6 mm. 


This shell has previously been recorded as a variety of Léhynchonella 
pleurodon, but it is so easily distinguished from typical examples 
of that species that mere convenience suggests its separation under 
a distinct specific name.’ This course is rendered obligatory by 
the fact that Camarotechia nitcheldeanensis occurs in vast profusion 
in the Bristol and surrounding areas, and always characterizes the 
Lower Tournaisian rocks. 

C. mitcheldeanensis differs from the typical Lhynchonella pleurodon 
(such as is represented in Davidson, ‘ Monogr. Brit. Foss. Brachiop.’ 
vol. 11, 1858-63, pl. xxiii, fig. 4) in the following characters :— 

(1) The shell is much smaller; (2) the fold is not relatively broad, and 
the intersection of the fold and sinus is not rectangular, but markedly 
trapezoidal; (3) the median line is strongly convex under the beak 


and becomes, continuously, less convex towards the front, but is 
never absolutely flat. 


Rhynchonella triplex, M‘Coy, differs from our species, in the fact 
that the ribs in Lh. triplew become indistinct under the beak and 
the flank-ribs are limited to only three prominent ones. 

Camarotechia pleurodon (Phil.), as represented by the figures in 
Davidson, op. cit. pl. xxiii, includes forms from several horizons 
(Z, at Clevedon, D, at Wrington). 


EXPLANATION OF PLATES XXIJI-XXIX. 
Puate XXII. 
Figs. 1 & la. Syringopora @. 


Fig. 1. Exterior ; natural size. 

Z., subzone ; Clevedon (Somerset). 
la. Horizontal section; x 1°25. 
Z. subzone ; Clevedon (Somerset). 
Figs. 2-26. Zaphrentis aff. Phillipsi, Edwards & Haime. 

Fig. 2. Exterior ; natural size. 

Zaphrentis-Zone; Avon section, Clifton (Gloucestershire). 
(Collection of J. W. Tutcher, Esq.) 


° 





1 The specimens figured in P], XXVI had been labelled ‘ var. or n. sp.’ 
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Hig, 2a. Calyx; x 1-4. 
Horizon 8; Avon section, Clifton (Gloucestershire). 
26, Calyx of a very: young example : x 15. 
Horizon y; Burrington section (Mendips), near Wrington 
(Somerset ). 
Figs, 2¢e-2¢. Horizontal sections; x 1:3. 
Z, subzone. 2c, 2d from Portishead (Somerset). 2e from 
“Clevedon (Somer set). 
Vigs, 3-3 d. Zaphrentis aff. cor nucopte (Michelin). 
Hig, 5. Exterior; natural size. 
ZL, subzone : Avon section, Clifton (Gloucestershire), 
3a. Calyx; natural size. 
Z. subzone ; Clevedon (Somerset). 
Figs.36 & 3 c. Hor izontal sections; X 1°25. 
Z, subzone. 36 from orushead (Somerset). 3¢ from Cleve- 
“don (Somerset). 
Fig. 3d. Horizontal section of a very young example; x 2°3. 
Z, subzone ; Clevedon (Somerset). 


Prats XXIII, 


Figs. 1 & La. Caninia cylindrica (Scouler). 
Fig. 1. Mutation y. Horizontal section of a small example; x 1:5. 
Horizon y; Burrington section (Mendips), near Wrington 
(Somerset). 
la. Mutation 8,. Horizontal section; x 1°5. 
SF subzone ; ; Avon section, Leigh Pee Bristol (Somerset). 
Fig. 2. Cyathophylluin 9. Horizontal section; x 1:5 
Horizon y ; Clevedon (Somer set). 
Figs. 3-3 6. Cyathophyllum 6= Cyathophyllum Stutchburyi, Wd. & H. (pars). 
Fig. 3. Horizontal section of a young example; x 1-4. 
Horizon 6; Failand, near Bristol (Somer set). 
3.a. Horizontal section of a typical example; x 1:4. 
Horizon 6; Failand, near Bristol (Somerset). 
3b. Part of the vertical section of a lar ge example; natural size. 
Horizon 6; Holwell (Mendips), near Frome (Somerset). 
Big. 4, Koninckephyllum 9. Horizontal section ; ox Le 
D, subzone ; Sodbury (Gloucestershire). 
5. A Clisiophyllid Lithostrotion. Horizontal section; x 1°5. 
D, subzone ; Sodbury (Gloucestershire). 


Puate XXIV. 


Fig. 1. Dibunophyllum 9. Horizontal section; x 1:5 
D, subzone ; Flax Bourton, near Bristol (Somerset). 
la. Dibunophyllum g. Exterior; very slightly reduced (x °95). 
D, subzone; Flax Bourton, near Bristol (Somerset). 
Figs. 2 & 2a. Dibunophyllum wb. 
Fig. 2. Exterior; x 1-2. 
1D subzone ; ; Rownham Hill, Leigh Woods, Bristol (Somerset). 
2a. Horizontal section; x 1:45. 
D, subzone ; Rownham Hill, Leigh Woods, Bristol (Somerset). 
Higs. 3-3 0. ‘ Clisiophyllum’ ‘(Careinophyllum) 0. 
Fig. 3. Calyx; natural size. 
D, subzone ; Sodbury (Gloucestershire). 
3a. Horizontal section; X 1°43. 
D, subzoue ; Flax Bourton, near Bristol (Somerset). 
3, Horizontal section ; x 16. (To show variation in the structure 
of the central area. ) 
D, subzone ; Sodbury (Gloucestershire). 
Fig. 4. Axopha yllum 9. Horizontal section; x 15. 
D, subzone ; Wrington (Somerset). 


Quart. JouRN. GEoL. Soc. Vor. LXI, PL. XXIII. 
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CARBONIFEROUS-LIMESTONE CORALS. 


Bemrose, Collo. 


J. W. Tutcher, Photo. 
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Puate XXV, 


Figs. 1 & la. Productus bassus, sp.nov. Convex valve; x L°6. 
K, subzone ; Avon section, Leigh Woods (Somerset.) 
Figs. 2 & 2a. Productus cf. Martini (Sow.).1 Convex valve; natural size. 


Zaphrentis-Zone ; Moat-House Quarry, west of Failand, near 


Bristol (Somerset). 
Hig. 3. Productus 9. Convex valve; natural size. 
S, subzone ; Great Quarry, Avon section, Clifton, Gloucester- 
shire (Stoddart Coll.). 
Figs. 4-46. Productus Cora, d’Orb., Davidson, mutation. 
Convex valves of two examples ; natural size. 
Fig.4. The form characteristic of the S, subzone. S, subzone; Great 
Quarry, Avon section, Clifton (Gloucestershire). 
Figs. 4a & 46. Variety with very fine ribbing. D, subzone; Avoy 
section, Leigh Woods (Somerset). 
Fig. 5. Productus hemisphericus, J. Sow., var. Convex valve; natural size. 
D, subzone; Sodbury (Gloucestershire). 
(Variety with coarse ribs and narrow beak.) 


Puats XXVI. 


Figs. 1 & 2. The circulus of Chonetes cf. hardrensis, Phil. 
Fig. 1. Chonetes cf. laguessiana, de Kon. Convex valve ; natural size. 
Z, subzone; Burrington section (Mendips), near Wringtou 
(Somerset). 
2. Chonetes cf. crassistric, (M‘Coy). The two valves; x 1:2. 
Horizon 8; Failand section, near Bristol (Somerset). 
Fig. 3. Chonetes aff. papilionacea, Phil. Convex valve ; natural size. 
Base of Syringothyris-Zone ; Cromhall, near Wickwar (Glou- 
cestershire). 
(One of the early papilionaceans.) 
4. Chonetes aff. comoides (J. Sow.). Convex valve; natural size. 
D, subzone; Sodbury (Gloucestershire. ) 
5. Spirifer aff. clathratus, M‘Coy, Vaughan. Pedicle-valve ; natural size. 
Z, subzone; Failand section, near Bristol (Somerset). 
(The transverse variety.) 
6. Spiriferina octoplicata (Sow.), var. A slab showing several specimens ; 
natural size. 
Horizon 8; Walton Castle, near Clevedon (Somerset). 
(J. W. Tutcher coll.) 
Figs. 7-7 6. Camarotechia mitcheldeanensis, sp. nov. Natural size. 
(Cleistopora-zone) ; Mitcheldean (Gloucestershire). 
(Museum of Practical Geology, Jermyn Street.) 


Prats XXVII. 


Vertical sections showing the thickness and lithology of the zones and sub- 
zones in the Carboniferous Limestone of the Bristol area, on the scale of 
250 feet to the inch; horizontal section of the Avon Gorge, on the scale of 
500 feet to the inch; and sketch-map of the quarries there. 

Pratt XXVIII, 


Range-diagram of Carboniferous corals in the Bristol area, facing p. 244. 


Pirate XXIX. 


Range-diagram of Carboniferous brachiopods in the Bristol area, facing 
p- 246. 





1 Productus Flemingi (Sow.) var. burlingtonensis, Hall (‘ Palxont. of N.Y.’ 
vol. viii, pt. i, pl. xviii, figs. 6-8) is probably identical with Pr. cf. Martin’, 
and occurs at the same horizon, namely, in the Burlington Limestone. 
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Discussion. 


The Presipenr, who said that he had, some years ago, with 
Prof. Garwood, advocated the establishment of a Committee of the 
British Association for the study of Carboniferous zones, welcomed 
the Author’s communication. Many years ago the late Prof. H. 
A. Nicholson had, in conversation, suggested that corals would 
prove useful as indices of Carboniferous zones, and it was satis- 
factory to hear that the Author had actually found them useful for 
this purpose. 

Prof. Garwoop wished to add his congratulations to those of the 
President, on the valuable work done by the Author for the advance- 
ment of cur knowledge of the Carboniferous succession. He was 
struck by the difference in the fossils selected, from those charac- 
teristic of the Settle and Shap districts ; but there seemed to be one 
exception to this, for the occurrence of Spireferina octoplicata in 
the lower beds coincided with its occurrence in the Shap district. 

Mr. H. B. Woopwarp remarked on the great advance made by 
the Author on the paleontological work done in the Bristol district 
by W. W. Stoddart and others. Mr. E. B. Wethered had urged the 
importance of the microscopic organisms in fixing horizons in the 
Carboniferous Limestone, but they could not be very serviceable to 
the field-geologist. With regard to the structure of the Clapton 
district, he (the speaker) was disposed to agree with Prof. Lloyd 
Morgan, that it was due chiefly to earth-movements. 

Dr. Barner congratulated the Author on attacking this important 
problem in the only way that was likely to prove effective, namely, 
by the study of the stratigraphical relations of evolutionary series in 
limited groups of fossils. Jt was, however, necessary that the 
Author’s opinions with regard to the relations of the numerous 
forms mentioned by him should be clearly understood. For this 
purpose his terminology should be precise. It did not seem to the 
speaker that the Author was using the term mutation in the 
sense ordinarily accepted by paleontologists, or the term circulus 
in the sense of its proposer, Prof. J. W. Gregory (Brit. Mus. Catal. 
Jurassic Bryozoa, pp. 14-22). Genus connotes a genetic affinity, 
denied by Gregory to those homceomorphic assemblages for which 
he adopted the provisional term circulus. 

The Rev. J. F. Braxe said that he had understood that the idea 
expressed by Prof. Gregory in the word circulus was the group 
of specimens which approximated more or less to the type of a 
species—like the persons who stood around a speaker, or other 
central object, in a public place in classic times—but round whom 
no very definite line of separation could be drawn. It was a modi- 
fication of the old idea of a species. He understood the Author to 
use the word in this sense, and this use, combined with the reference 
to a single type for the central form, was very satisfactory to the 
speaker. He had understood also the word mutation in Waagen’s 
sense, which was now well known. He regarded the paper as one 
of considerable promise, and looked forward to great results when 
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questions were treated in this way, although he had lately heard 
the opinion expressed that the Carboniferous Limestone did not 
seem to lend itself to zoning. 

The Autor thanked the Fellows for their flattering reception of 
his paper, and expressed his especial gratitude to those who had 
taken part in the discussion, for their very kind remarks. In answer 
to Mr. H. B. Woodward, he regretted that he had not been able to 
find room, in a short abstract, either for a correlation of the zones, 
suggested in his paper, with the earlier lithological divisions, or for 
a reference to the work done by the late W. W. Stoddart in the 
Avon section. Both these subjects were, however, fully dealt with 
in the paper itself. In reply to Dr. Bather, he said that the term 
circulus was employed, throughout his paper, in a very definite 
sense. A circulus included all the forms which were very closely 
related to the type-species and were in perfect continuity with 
that species, either horizontally or vertically; it excluded all 
apparently-similar forms which were separated by a long vertical 
interval from the occurrence of the type, and were not connected 
with the type by a chain of similar forms. The Author had adopted 
the term circulus from Prof. Gregory’s work on the Jurassic 
Bryozoa under the same impression as the Rey. J. F. Blake, that it 
very conveniently covered the whole group, which was composed of 
the type-species and its close relatives. Should, however, Dr. Bather’s 
interpretation be the correct one, namely, that the term circulus 
was originally intended to cover a heterogeneous assemblage of 
similar forms, for which even genetic relationship could not be 
claimed, a new term would have to be introduced to convey the 
meaning in which the term circulus was employed in the present 
paper. 

With regard to the use of the term mutation, it was undoubtedly 
employed in this paper to denote lateral, as well as vertical, varia- 
tion from a type-species. The Author considered that both lateral 
and vertical variation were equally cases of evolutionary change, 
seeing that at least one important factor in lateral variation was 
direct evolution during migration. It would be impossible to dis- - 
criminate between the action of this factor and of tho other 
recognized cause, namely, direct evolution from distinct members of 
a circulus, which took place contemporaneously at distant points. 


